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ABSTRACT- ^ ^ - ' ' - 

The "rate training manual' has, been prepared for 
enlisted personnel of the Navy and Naval Reserve who are studying for 
advancement in the Aviation Boatswain's Mate B rating. It is 
primarily 'based on. the professional requirements qx qualifications 
for ABE 1*and ABE C^ as contained -in the Mitiuar of Qualifications f^t. 
Advancement 'NavPers 180681 (series).^. Chapter Vdiscusses the various 
requirements ' for^ -advancement in -the "boatswain's Mate E rating.. 
Chapters 2 through '8 consist of information on: leading 'petty 
o'fficfers," shop 'supervision and administration, steam^ catapults^, 
^catapult deck gear and^ accessories, shipboard arresting and barricade 
'gear, visual landing aids*, and special' tests and test procedures. 
Numerous illustrations and diagrams are interspersed throughout the 
d'ocuinent. A stab lect - index is appended. (BP) ^ ^ . ' 
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This Rate Training Manual is one of a series of training manuals prepared 
for enlisted personnel of tlje Navy and Naval Reserve who are studying for ' 
advancement in the Aviation Boatswain's Mate E rating. As indicated by the 
title, the manual is based on the professional cjualifications for ABE 1 and 
ABEC, as set forth' in the Manual of .Qualifications for Advancement, 
NavPers 18068 (Series). * • ^ " . 

Combined with the necessary practical e;(perience, this' manual will 
greatly assi§t the ABE2 and ABEl in preparing for advancement exams* 

This manual* was prepared by the Naval Education and Training Program 
Development Center, Pensacola, Florida, for the Chief of Naval Education 
and Training. Credit for technical assistance is ^eh to the. Aviation 
Boatswain's Mate School, likehuirst, New Jersey, and the Naval Air 
Engineering Center, Philadelphia, Pennsylvania.- . ^ . 
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THE UNITED STATES NAVY 

- GUARDIAN OF OUR CdUNTRY 

the United States Navy is responsible for maintainrhg control of the sea 
and is a ready force on.watch at home and overseas, capable of strong 
action to preserve the peace or of^nstaf^t^qffensive action to win in war. 

«. *- " • « 

It is upon the maintenance of this control that our country'^ glorious 
future depends^ the. United States Navy exists to mak^ it, so. 

WE SERVE WITH HONOR 

Tradition, valor, and victory are the nWs herUage from the past. To 
these may be added dedication, disciplit^d^nd yigHance as,the watchwords 
of the present and the future. [ ' , . , 

At home or on distant stations we serve With pri;Je. confident in the respect 
of our country, our shipmates, and our families. i 

Our responsibilities sober us; our adversijties strengthen Us. 

Service to God and C6uhtry is bur special^privilege. ' We serve with honor, 

1 ' ' THE FUTURE OF THE NA^VY 

The Navy will always employ new weapons^^liew techniques, and 
greater power to protect and defend the Unite/^tates on the sea, under 
I the sea, and in the air. ' t - / * 

j Npw and jn the future, control of the sea giv^^th^ United States her 
greatest advantage^or the maif\tenance of pj|ace ^nd for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
<he new Navy. The roots of the Navy, lie In a strong belief in *the 
future, in continued dedication to our tasks.^and in reflection on our 
heritage from the past. / 

Never have-ou/-opportunities and pur responsibilities been greater/ 
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Manual is designed to, 
assist the ABE2 and ABEl in^performing the 
; ta^ks a3spciatedVith thsir rates and taaid th^ 
<in preparing for advancement— the ABE2 to 
ABEl arid the ABE-l (o ABEC It is primarily 
based on the profesjioiial requfrenfent? or quali- 
fications for ABErantl ABEC, as contained |n 
the Manual of Qualifications for Advancement, 
NavPers 18668 (SeriU). Jo' prepare 'for an 
advancement examination,' this Rate 'Frainihg 
Manual should be studied in conjunction with 
Military Requirements for Petty Officers 1 & C, 
NayPers. 10057 (Sei\es). The letter covers the 
Military. Re^iiirelTjent^ for all first class and chief 
petty officers. ^ 



. . ENU^TED RATING STRpCTURE 

The present enlisted' rating structure includes 
two types of ratings, general rat^gs and service 

GENERAL RATINGS are designed to provide 
paths of advancement and career development. 
A geheral rating identifos a broap occupational 
field of related duties -arid funxmons requiring 
similar aptitudes and qualifications. General 
ratings provide the ^ primary means tised^|to 

, identify billet requirements and personnel quali-. 
fications. Some' general ratings include service 
ratings, others do not. Both Re^lar Navy and 
Naval. Reserve personnej may hold general rat- , 

* mgs.* * . 

Subdivisibns qf certain general ratings are 
identified as^ SERVICE RATINGS. These service 
ratings identify areas of specjah^^ation. v^thin the 
scope of a gener^ rating. Service ratings are 
established in those general ratings in which 
specializatjon is essential for efficient utiiizatira 
of personnel. Althpugji service ratings can exist 
at any petty .officer level, they are most cori- 
'mon at the F03 and P02 levels. Botji Regular 



Nav>( and Naval Reserve personnel may hold 
service ratings. 

ABE RATING 

The ABE rating is a service rating and is 
include^ in Navy Occupational Group IX(^via- 
tion). The general rating, AB, applies at the E-8 
f and E-9 IpveU. 

Figure 1-1 illustrates all paths of advancement 
for an. Airman Recruit to M^ter Chief Aviation 
Boatswain's Mate, Warrant Officer (W-4), or 
Limited Duty Officer. Shaded areas indicate 
caieer stages where qualified enlisted personnel 
may /advance to Warrant Officer (W-1) and 
-selected Warrant Officers may advance to Lim- 
ited Duty Officer' Personnel in enlistee} rates and 
warrant ranks ndt in a shaded area may advance 
only as indicated by the lines. 

The Manual of Qualificatibns for Advance- 
ment, NavPers 18068'^(Series), states that ABE's 
are responsible for the operation anci mainte- 
n^ce of catapults, barricades, arresting gear, 
arresting gear engines, and associated equipment 
ashore and afioat « 

One or more ABEG's are generdly assigned to 
the. catapults abpard a eanier.*An ABEl is 
noitnally 'assigned" to each catapult as catapult 
oapjain. Senior ABE's assigned to catapults 
supervise lower rated ABE's ^d nonrated men 
:h ^e operation and maintenance of the cata- 
pults and associated equipment * . 
- An ABEC is assigned as arresting gear chief 
' /and. is in overall charge of the operation and 
/maintenance of arresfing and barricade gear^and. 
, the operation of visual landing aids. The arrest- 
ing ^ear chief is generally assisted by .two 
ABETs-one who supervises the operation and 
maintenance of the airesfing.gear, and one who 
supervises the operafion and maintenance^of the 
barricade gear. Either one of these men may 
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supervise the operation of the visual landing ^ 
'aids. -Maintenance of landing aids is normally^ 
* perfprmed by personnel of the IC rating. 

In order to properly perform his duties, the 
ABEl must be able ^to analyze malfunctions of 
catapults and arresting gear and associafed 
equipments; dis'assemble and replace defective 
parts; and supervise lower rated ABE> in routine 
maintenance procecHire^ for the above Mnen- 
tioned equipment. * - ^ ' ^ 

In addition .to the^Tibove listed requitemeftts 
for ABfi4>-. {he. -ABEC must -be qualified to 
inspect and- evaluate the operation^ of repaired • 
and newly insta1\d parts and components; 
interpret results of dye penetrant' and magnetic 
^ particle inspections; and supervise lower rated 
ABE's in the various maintenance procedaires. 



A wide variety of assignments ashore is 
available t6 the ABEl and ABEC. In addition to 
the routine AB type billets, the ABEl and 
ABEC are eligible for assignment to instructor 
duty as well as a number of other desirable 
billets. Niost of -these .fillets are under the 
management ' control of the Bureau of Naval 
Personnel and are directly associated with train- 
ing. Others are associated with research, testing, 
or evaluation. Some of the more desirable billets 
to which the ABEJ and ABEC may be assigned 
are described in the following paragraphs. 

1. Instructor duty is available to both the 
ABEl and ABEC in the ABE Schools at 
NATTC, Lakeburst, N. J; Another possibility for 
instructor duty is with the Aviation Funda- 
mentals Course at Orlando, Florida. 

In additioi( to the above mentioned 
^ instructor billets? the ABEl 'and ABEC may be 
assigned to instructor duty* at MiUmgton, 
\ Tennessee.' 

Instructor billets are normally filled on a 
voluntary "basis.. Detailed information concerning 
assignment to instructor duty is contained in the 
Enhsted Transfer Manual, NavPers 15909 (Ser 
, ies). 

2. ABAC'S are also eligible for assignment to 
duty with the Naval Education and Training 
•Support ^Command headquarterejd at Pensacola, 



Florida, as 'a' Technical Writer to assist in the 
preparation of'Rate Training Manuals and Non- 
resident Career Courses (formerly called Enlisted 
Correspondence Courses) for the AB ratings, an4 
as an item writer in 'the preparation of Navy- 
wide advancement-in- rating examinations for en- 
, listed perspnnel. 

3, Senior ABE's may be .assi'^edL.to the 
development and testing units at Lakehurst, 
New Jersey; Patuxent River, Maryland; or Naval 
Air Eni^neering Center (NAEC), Philadelphia, 
Pennsylvania. 

' For a listing of other Special programs and 
projects, reference should be mgde to the^ 
Enlisted Transfer Manual. Others are also an- 
nounced from time to time in BuPers Notices. 
Personnel ma^^^ndicate their desire for assign- 
^-ment to a- Specific program or project by 
indicating it in the "remarks" block of their 
Rotation Data Card. 

In today's modem Navy there is .an awesome 
.array of weapons and ships. Who can say which 
"one is the most important? It is a known (act, 
however, that'our modem carrier force is one of 
the big detertents'to aiiy world power thinking 
of armed conflict. The striking i^wer and the 
maneuverability of our. carriers are what make 
them so important in the defense of the free 
world. ^ 

But one factor conceming our aircraft carriers 
must, always be understood: How useful would 
they be without the catapults and arresting feear 
units installed aboard them? Also, how could an 
aircraft carrier fulfill its mission if either of these^ 
components were inoperative^ The truth of the* 
^matter is, '*The carrier would be inoperative." . 

This is why you as s'fenior men in the ABE 
rating should realize the importance of your 
position. You, as ABE's, play a very important' 
part in keeping your ship a fitting ship. 

As a result of the^Naval Leadership Program, a 
considerable amount of material related to naval 
leadership for the senior petty officer is avail- 
able. Studying this material will make you aware 
of your many 'leadersTiip responsibilities as a 
senior petty officer and will also be of great help 
in devefoping leadership qualities. It will not in 
itself, however, make you a good leaden Leader- 
* ship principles can be taught, but a good leader 
acquires that qijility only through hard work 
and practice. . 
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As yoxi study this material containing leader- - 
ship traits, keep in mind that probably none 6f 
our most successful leaders possessed all of these 
traits fo a maximum degree, but a weakness in 
Jome4raits was more than compensated for by 
^strength in others. Critical self-evaluation will 
enable you to realize the traits in which you are 
strong, and to capitalize on'-them. At the same 
time you must constantly strive to improve on 
the traits in which you are weak. 

Your success as a leader will be decided, for 
* the most part, by your achievements in inspiring 
others to learn and perform. This is best 
accomplished by personal example, 

ADVAlQCEMENT 

By this time, you are probably well aware of 
the personal advantages of advancement-higher 
- pay, greater prestige, more interesting and' chal- 
lenging work, and the satisfaction of getting 
ahead in your chosen career. By this time, also, 

► you have probably discovered that one of the 
most enduring rewards of advancement is the 
training ypu acquite in the process of preparing 
for advancemeiit 

*The J^avy also profits by your advancement. 
Highly ; trained persohijeUWe essential to the 
functioning of the Navy. Bj^ady^ncement, you 

»^ increase your value to the NavyliHwQ...wa^^ 
Hrst, you become mo^e valuable as a person 
who can supervise, Md, and^ train others and 
second, you become more valuable as 'a technical 
specialist and thils ft/ake far-reaching contribu- 
tions to the entire Navy. 

Since you are s^dying for advancement to 
POl or CPO, you^are probably already familiar 
with the requirej/ients and procedures for ad-' 
vancement HoWvef, you may find it helpful to 
read the followmg sections. The Navy does not 
startd still. Thi/gs change all the time, and it is 
possible that ^ome of the requirements have 
changed^ sincer the last tinte you went up for 
Bdvancemenu Furthermore, you will be re- 
' sponsible foff training others for advancement, 
therefore, /ou will neei to know the require- 
ments in sSne detail. 

HOW TO OUALIFY FOR ADVANCEMENT 

To qualify for advancement, a person must: 
1 . Have a certain amount of time in grade. 

ERLC . 
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2. Complete jthe required military and profes- 
sional training manuals. 

' . 3. Demonstrate the ability to perform all the 
'^-PRACTICAL requirements for advancement by 
completing applicable portions of the Record of 
Practical Factors, -NavEdTra i414/L ' ' 

4. Be^ recommended by his commanding pf- 
ficer. - " ^ ^ ' ' 

5. Demonstrate his Kl^OWLEBGE by passing 
a v^ritten examination on (a) military require- 
ments, and (b) professional qualifications. » ' 

Remember that fbg^^^irements foradvance- 
ment can change. Check wfth your educational 
services office to' be 'sure that , you know the 
most recent requirements. 

When you are training lowe'r rated personnel, 
it is a good idea to point out that advancement 
is not automatic. Meeting all the requireme^ 
makes a person ELIGIBLE for advanceipdit. 
Such factors as the score made on the v/ritten 
examination, length of time in sendee, per- 
formance marks, and guotUs enter hjfo the final 
detenpin^tion of who will actually^e advanced. 

HOW TO PREPARE FOR ApiC^CEMENT 

Preparation for adv^ement includes study- 
ing the' qualificatipiT^; working on the practical 
factors, studjiing the required Rate Training 
ManualSr-a^ other material that 

may be specified, To^ prepare ^yourself for 
advancement cfr to help others ' prepare for 
advancement, you will need to be famJiar with 
0) the "Quals" ' Manual, (2) the Record of 
Practical Factors, NavEdTra 1414/1, (3) a 
NavEdTra publication called Bibliography for 
Advancement Study, NavEdTra 10052 (Series) 
ahd^ (4) Rate Training Manuals.* The following 
sections describe these materials and give some 
information on how to use tl;em to the best 
advantage, ^ 

"Qual^' Manual . ' ' _ 

The Manual of Qualifications for Advance- 
, ment, NavPers 18068 (Series), ^v^s the mini- 
. mum requirements for advancement to each rate 
within e^ch rating. This manual is usuaUy 
called the "C^als" Manual, arid the qualifica- 
tions are of two general types':^ (1) military ' 
requirements, /and (2) professional' or technical 
qualifications. Milita^^ requiremefiT5^ajpfi51y to all 
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ratings 'rather than to any orie r ating alone. 
Professional qualifications aie technical or pro^ 
fessional -requirements that ,are directly related 
- to Aewbrk of each rating. 

Both th6 military requirements and the pro- 
fessional qualifications are divided jn to subject 
matter grouj)S. Then, within each subject matter 
group, they are divided into PRACTICAL FAC- 
^ TORS and KNOWLEDGE FACTORS. 

The qualifications for advancement and a 

* bibliography of study materials are available in 
your educatiqnii services office. The "Quals" 
Manual is changed more frequently than Rate 
Training Manuals are revised. By the tim^ you 
are studying this" training manual, the' 'Equals" 
may. have been changed. Never trust any set ^f 
*'quals" until you -h^ve checked the change 
number against an UP-TO-DATE copy of the 

- "Quals".Manual. -~ ' 

In training othte for advancement, emphasize 
ttiese three points/about the 'Equals": 

1. The ''qu^l^" are the MINIMUM require- 
.ments for advancement Peisopnel who study 

MORE than the required minimum will nave a 
great, advantage when they take the written 
examinations for ^vancement. ' ^ / 

2. Each "qual" has a designated. rate levels 
chief, first class, second class, or third class. ^ 
You are responsible for meeting all ''quals" 
specified Yor the rate level to which you-^ 

^ . seeking advancement AND all "quals" specified 
for lower rate levels. 

' 3. The written examinafiQns for advancement 
' ' will contain questions relating to ttie practical 
' factors AND to the knowledge factors of BOTH 
the military requirements and the professional 
qualifications. 

Record of Practical Factors 

A special form knpwn as tiie Record of 
Practice Factors, NavEdTra 1414/1, is used to 
. record the satisfactory performance of the prac- 
tical factors. This form lists^all military and all 
prpfessional practical factors. Whenever a person 
demonstrates his ability to perform a ^cticall 
^—factor, appropriate entries must be made in the 
DATE and INITIAL columns. As aPOl or CPO, 

• Vou will dfteri be required to check the practical 

factor performance of lo\^r rated personnel and 
' J^port the results to ydi^r supervising officer.. 

ERLC 



As changes are made periodically to the 
"Quals" Manual; new NavEdTra forms 1414/1 
are* provided when* Necessary. Extra space is 
allowed, on the Record of Practical Factors for 
entering/vadditronal practical factors as they are 
published in' changes to tiie **Qaals" Manuals. 
The Record of Practical Factors also provides 
space for recording demonstrated proficiency in 
skills which are withirilhe general scope of the 
rate- but which are not identified as minimum 
qualifications for advancement Keep this in^ 
mind when you are training and supervising* 
other personnel. If a person demonstrates 
' proficiency in some skill which is not listed in 
the "quals" but which is within the ^ general * 
§cope of .the rate, repojt this fact t^ the 
supervising officer so that %n appropriate entry ^ 
can be made in .the Record gf Practical Factors. 

When yoiii are transferred, the Record of 
Practical Factors should be forwarded^v^th your 
service record to your next duty station. It is a 
good idea to check and be sure that this form is 
actually inserted in your service record before 
you are transferred. If tiie form, is not in your 
record, you may be 'required 40* start, all over 
again and requalify in^practical. factors that have 
already been checked off. You should also take 
some responsibility for helping Tower rated 
personnel keep\ track of thfeir practical factor 
reccrtrds when tiiey are transferred, ^ 

A second copy of tiie Record of Practical 
Factors should be made available to each man in 
' pay grades :E-3 through E-8 for his pe^^onal 
record and guidance. 

.NavEdTra 10052 

Bibliography for Adv^cement Study, Nav: 
EdTra 10052 (Series) is a very important publi-- 
' cation for anyone preparing for advancenienj. 
This publication lists required and recommended 
Rate Training Manuals and otiier reference 
material to be used by .personnel working for 
advancement. NavEdTra 10052 (Series) is re- 
vised *and issued once each year l)y tiie Naval 
Education and Training Suppcitt Command. 
Each revised ^ditidn is identified* by a letter 
following tiie NavFdTra ^number. When using 
tills publicatiop, be §URE you have tiie most 
recent^ditiori. 

The required and recommended references are 
listed by rate level in NavEdTra 10052 (Series), 
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It is important to remember that^ you are 
responsible for all references at lower rate levels,- 
as weU'as those listed for the rate .to which you 
are seeking advancement. . . • ' 

Rate Training Manuals thai are marked with 
an asterisk (*) in NavEdTra f6052 (Series) are 
MANDATORY at the indicated rate levels, the 
M:ompletion requirements of a mandatory train- 
ing manual m'ay be satisfied'by (l)vpassing tjie 
appropriate Nonresident Career Course that is 
based on the mandatory training manual, (2) 
passmg locally prepared . tests ^ based on the' 
mformation, given' in the Ynanclatoix training 
manual, or (3) in -some/'ca^es; successfully 
completing an appropriate Navy school. 

When training personnel for advancement,, do , 
J30t oterlook the section of NavEdTra 10052 - 
(Series) which lists the ipq'qired and reconv 
mended references relating tp the military re- 
,quirements fofadvancefnent,.AIl pei^onnel must 
complete the mandatory military, requirements 
training, manual for the apprpphate rate level 
before they can be eligible to -advance. Also, ^ 
make sure that personnel working for advance- . 
ment study the references which are listed as 
recommended buf not mandatory in NavEdTra- 
10052 (Series). It is impbrtant to rememt)er that 
ALL references listed in NavEdTra 10052 (Se- 
ries) may be used as source material for the ' 
written examinations,' at the appropria te levels. 
Rate Training Manuals * • 



There are Iwb' general types pf Rate Training 
'Manuals. Manuals (such as this one) are prepared 
for most enlisted rates and ratings, giving infor- 
•mation^ that .is directly .related to the prcjes^ 
sional * qualifications for advancement. Basfc 
manuals give information^ that applies to more 
than one rate and rating. * ' ' -» . , 

Rate Training Manuals .are revised from time 
to time to bring them up-to-date/The publica- 
tion, List of Trying Manuals and Corresppnd- 
ence Courses, NavEdTra 10061 (Series), which is 
revised^ annually, conrtainTa listing of current 
Rate Trainings Manuals and their identifying 
, numbers. The letter foljowing' the number iden- 
tifies the latest revision; for example, -A indi-, 
'Cates first\revigibn, -B indicates second revisit 
etc. . \ : . 

^^te Training Nfanuals are designed for the 
_^e_cial purpose of helping naVal 45ei;SonneJ pre- 



pare for adv^anpment: By this time, you have 
probably, developed your own way pf stuclying 
^ these-manuals. Some of the personnel you, tfain,- 
. however, may need guidance in the use of Rate 
TraifVjng Manuals. Ajthougli thei^ is no single 
''best'^ way to, study a'ltraining manual, the 
following suggestions have proved -useful for 
man-y people: . . \ > ^ ' 

L Study the military requirements and the 
professional qualifications for your rate beTore 
^you ^tudy the training* manual, and refer tp the 
"quals" Trequently ^as you study. Remember, 
you are studying .the training manual primarily 
to meet these ''qiials," ^ ^ . • 

2. Before you begin to study any part of the 
, 'training manual intensively, get acquainted with 

the entire manual Read the preface and the 
table of contents. Check through the index. 
Thumb through the manual without any particu- 
lar plan, lookiag at the illustrations and reading 
bits here and there as you see things that interest 
-you. . , ^ - ^ 

3. ^ Look at the trainifig manual in more 
^ietail, fo see how it is organized Look at the 
'table of contents again. Then, chapter by chap- 
ter, read the introduction, the headings, and the , 
subheadings. This will give you a pretty clear 
picture of tlie scope/aijd content Of the.manual'. 

4. When you h^ave a general idea of what is in 
the training manual and hpw'it is organized, fill . 
in the details by intensive study. In eacR study' 
period^ try to cover a cqmplete unit-it tnay be a 

^ chapter, a section of a chapter, or a subsection. 
The ^ount of material you can cover at one 
time will vary. If, you kno^^v. the subject well, or , 
if the material is easy, you can cover quite a lot 

•at one time. Difficult or unfamiliar material will 
require more study <ime. 

5. In studying each unit, write down ques- 
tions as they occiy to you; Many people' find if 
helpful to make a written outline of the unit as 
they study, or, at least to write down Jhe most 
important ideks. 

6. As ybu study, relate the information in the 
training- manual to the. knowledge youn already 
have. When you read about ^'process, a.slqll, or ' 
a situation, ask yourself sonie questions. Does 
this information tie in with past experience? Is ' 
this something new and different? How does this 
information r^ate to the qualifications for 
advancement? ' ' * " 
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7. When yjoU have finished studying, a unit/ 
take tinie out to s^e what -you have learned. 
Look* back over yoiir notes and questions. 
Without looking at the training manual, write 
down the main ideas yojii h^ave learned from- 
studying this' unit. Do not -just quote the 
manual. If you cannot give these ideas, in your 
own words, the chances are that you have not 
^ally mastered the information. 

8. Use Nonresident Career Courses'wljenever 
' you can. ' These courses, are based on Rate 

Training Manuals or other appropriate texts. As 
mentioned before, completion requirements of a 
mandatory Rate Training Manual can be satis- 
fied by passing a Nonresident Career. Course 
based on the training manual. You will probably 
find it helpful to take* other course?, as well as 

* those based on- mandatory training manuals. 
Such courses help you to rn^ster the information 

. given ift the tr^aining manuals,- and also ^ve you 
an idea of how much you have learned. 

INCREASED RESPONSIBILITIES 

• When you ^umed the duties of a POa, you 
began to accept a certain amount of responsibili- 
ty 'for the work of othws. With each advance- 
ment, you accept an increasing responsibility in 
military matters and in matters felatirig^to the 

.professional work of your * rate. • When you 
advance to POl or CPO, you will find a 
ndticeable increase in your responsibilities for 
leadership, supervision, -gaining, working with 



general orders given b'y^officters into detailed, 
* practical, on-the-job laiiguage that«can be under- 
, stood and 'followed by relatively inexperienced, 
personnel. In dealing with y^ur junior?, it is up 
to -you to see that they perform their gobs 
correctly. At the same time, yOu must be able to 
exj)lain to officers any important problems or 
needs of enlisted personnel. In all miUtary and 
professional matters, your resF<)nsibili ties (will 
extend both upward and dcJwnwardr 
' Along with your increased responsibilities,* 
you will also have increased authority. Qfficers 
and petty officers, have POSITIONAUauthori- 
ty-that is, their authority over otherKUes m 
their, positions. If y bur CO is -relievea\for 
example, he no longer has the 4egree of authori 
ty over you that he had while he was your CO, 
although he still retains the military authority^ 
" that all seniors have over subordinates. As ^ 

PCTl, yob vdll have some degr^ of positi 
. authority; as a CPO, you will' have even rhore. 
When exercising your authority, remember that 
it is' positional-it is the'Vate you have, rathej 
'than the person you are, that gives you this 
authority. 

A Petty Officer conscientiously and proudly 
exercises hi^ authority>to carry put the respoiisi- 
biiities he is given>He takes a personal interest in 
the success of both sides of t^e. chain of 
command . . . authority and responsibility. For 
it is true that the Petty Officer who does not 
seek out and accept responsibility, loses his 




others,^d keeping up with new 
^ As your responsibilities increase, your ability 
to communicate clearly and effectively* must 
also increased The siirtplest arid most diVpct 
means of communication is'a corrimon Islpgudge. 
'The. basic requiternent for effective coinmunioa- 
tion is therefore' a knowledge of your own 
• language. Use -correct' language irt speaking and 
in writing^^Remember that the basic purpose of 
" ajl cojnmunication is 'understan(^^ng, To lead, 
supervise, and train others, you must be able to 
speak, and write in such a way that otjhers can 

understand exactly what you mean, 

» 

Leadership and Supe^ision 

■ -As a POl or CPd^ J^li \^^|•.be; fegarded as a 
leader and. supervisor;, BdiUi off]^ce.tfe%id enlisted 
personn^ wUl exMct jyou ^to' translate the 



working with ^^^^^^ and then the responsibility he thinks 
developments. - ^„,«„pc Hp m,ict he sure, bv his example 



I, ' 



he deserves. He must be sure, by his example 
and by his instruction, that the Petty Officers 
under him also accept responsibility. In short, he 
must be the leader his title-Petty Officer- says 
he is. 

Training ^ , 

* X As a POr or CPO, you will have regular and 
continuing responsibilities for training others. 
Even if you are lucky enough to have a group of 
subordinates who are all highly skilled and well 
^trained, you will still find that training is 
necessary. For example, you v/ill always be 
responsible for training Ipwer rated personnel 
for advancement. Also, some of ydur* best 
worlffcrs may be transferred, and inexperienced 
or poorly trained personnel may be assigned to 
you. A particular jcrt> may call fgr skills that 

7 ^ ^ ^2" 
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_ none , of your, personnel have. These and similar 
problems require that you be a training special- 

• ist-qrife who Can conduct formal and informal 
traming programs to •qualify TjersonneJ {of 

: advancement, and one who can, train individuals 
. and groups in the effective execution of assigned 

In" using this - training manual, study the 
mformation from two-poiats of view. First 

• what db you'yotirself rieed to learn from it? And 
second,. how would you go about teaching this 

■• information to others? 

r Training goes on all the time." Every time a 
person does a particular pierce of work*, some 
\ leamng is taking place. As a supervisor and is a 
. -framing expert, one of your biggest jobs is to see 
that your persomiel learn the RIGHT things 
about each jbb so that they will not form bad 
work habits. An error that is repeated a few 
fames-is weU ort its way to becoming a bad hatit 
You will have 16 leam the difference between 
oversupervising and not supervising enough No 
one can do his best work" with a su^rvisor 

• constantly supeivising. On die other ii^, you 
cannot tufm an entire- job" over to an inex- 
penenced person and* ""©xpect hi^.to do it 

• correctly without any help or^upervision. • ' " 
- In training lower, rated personn^-,-emph^ize. 

the importance of leamipi and using co|ect' 
termmology. A command of the- techni^al^- 
guagesof your octfupational field enables you to 
regive and convey information accurately and 
to't3w^»age , ideas with others. A -peison who . 
does not ^riaerstand the. precise meaning of 
terms osed in connection With his work is' 
definitely at -a tlisad vantage when hb tries to i^ad 
official publications relating ta his work. He is 
also at a giea! disadviitage when he, takes the » 
ex^mmations fop advancement, to train others ■ 
: ^^^^^^^°^^^\^^^ of iechnical terms, you will • 
" 'ly careful iji your own use cft' 
• i'^'^* tierminolqgy and insist that ' 

pegonnel you ire supervising use it to(J . 
r/«-^6u.will»find the. Record ^bf' Practical ■ 
F9fctors, -NavEdTra. 1414/1,^ a - useful guide- in 
platinmg and -cknying,. out training programs, " 
From tlUs recot-d, ydU caft-tell which pra&tical 
factors have beAi-'cheeke^d'off and.Vvhich ones', : 
have not yet bee a done. Use this information ?b ' ' 
plan a training p ogram-that will fif.the needs of 
the pereonnel,yo4 a/e training, ■ , " 
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On-the-job traiiiing. is ' usually controlled 
tiirough dailj^ and weekly wbrJc assignments. 
\^ nen you are working on a tight schedule, you 
y^in generally warit Jo -assign each person>to the 
p irt of ttes-job ^at you know he can do Wst In 
41 le long hin,-hqweW, you- will gain more by 
assigning i?ersonriel to a variety of jobs so that" 
'^Ach person cart Require broad ejcperience. By 
"K:hance to do carefully supervised 
i'^iW;^ which they are rela;fively 
ed, you will increase 4he range of 
jails qf eacft. pe^bn and, thus improve the 
flexibflity of y6iir workii^:gix)j^,, 

Working with Others ' , % 




As you ad.vance to PO'Uor CPO, you will find 
that many of your plan^and de?asions affect a 
le rge number of people, sbnp'^f.^hom are not 
,even in your own occupational field. It becomes 
uicreasmgly important, therefore,' for you to 
understand the duties and the responSiciifities^of 
.psrsonnel in other ratings. Every petty officer in 
tlie Navy isa technical specialist inhis own field. 
I^am. as rftuch.as you can' about the wpTk Of 
ethers, and plan your own work so that, it will 
fit into the overall mission of the. organisation. 
.Keeping Up With ' . j^.:' - 

I lew Developments , ' \ . 

Practically everything in the Navy-poiicies„ 
procedures, publications, eqiypment sygtems-is , 
subject to change and development. As'aPp/V ' 
CTO, you must keep yourself ^informed about ' 
changes and new developments that affect you . 
or your \york in any w^y. , . t ^ 
•Some changes will be called directly to yqiflr . 
attention, but others will be harder tp fiqdi fry ' 
to develop a, ^peo-drjjdijd of dert'ness for new 
information. When yoiihear about any thin^new ^• 

, m the-Navy, find out-whether there is-^y way 
m Whiph it might affect your woi^k If so, fmd 

■qut more aboqt it. ' ' " .. 

SOURCES, QF DEFORMATION ^' T 

As a POl or CPO, you must have ah eictensive" - 
knowledge of the references to consult for 
accurate, authoritative, up-to-date inifoimafion" 
on all subjects, related to the-military and ' 

professional requirements for advancement ^ "': 

• ■'■ ' , ' * > ■ '\ 
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Publica^fis mentioned in this chapiter are 
subject to change 'or revision from time to 
time-some at regular intervals, others as the 
.eed arises. When using* any publication that is 
^Qfit to revision, make sure that you have the 
atest edition. Whe^i using any publication that is 
kept current by means of changes, be sur? you* 
Have a copy in which all official changes, have 
been'^made. 



Training manuals that are applicable are 
available .thrqugh your educational services' 
offtfer/ In addition to- training manuals and 
publications,- training films furnish a valuable 
source of supplementary information. Filnis that 
may be helpful are listdd in tl^e U. S. Navy Film 
Catalog, NavAir 10-1-777. , * ■ 



' ADVANCEMENT OPPOKTUNITDES FOR 

PETTY OFFICERS . . ' 

' Making chief is not4he eiid of the j^'^ far • 
as advancement is. cpncerne^. Advancement to 
Senior KE-8) and Master' (E-9) Chief, Warrant ^ 
Officer, and Commissioned Officer are aniopg 
the opportunities tiiat^ are, available Jo qualified 
petty officers. These speci4 paths of ad^ance- 
*nient*are opgn to personnel who have demon- 
strated i)utstanding professional ability, the 
highest order of leadership and military^responsi- • 
b'ility, and'unquestionable mdral integrity. 



PRonciEiiicY paV, 



1. Shortage Specialty, (Proficiency Pay).' A 
monthly amount of pay in addition to any pay 

' and allowaftces^to which otherwise entitled tiiat 
may be' awarded to an eligible enlisted member 
who possesses a critical rating or NEC. Shortage 
Specialty (Proficiency ^Pay) is desired "to assist ^ 
• in Attaining and ^ sustaining adequate career 
manning levels in critical ratings and-NECs. . - 

2. .Special Duty Assignment' (Proficiericy;Pay). 
A monihly amount of pay in addition tp^ariy^ 

' pay and. allowances to which otherwise entitled 
.that may .be\ awarded to an eligible enlisted 
member who is assigned to certain special duties. 
Special Duty Assignment (Proficiency P^y) is 
designed to assist in attaining and sustainii^ an 
adequate v'olimteer manning lev^l in the critical 
special duty assignments. 

' • < d 

ADVANCEMENT TO SENIOR 
' AND MASTER CHIEF 

Chiefs petty officers ihay* qualify for the 
advanced grades of Senior and Master Chief 
which are no^ provided in tiie enlisted pay 
'Structure.. These , advanced grades provide for 
substantial increases in Ray, together- with in- 
creased responsibilities and additional prestige. 
The re,quirements 'for advancement to Senior 
and Master Chief are* subject to chang? but?in 
general, iaclude a certain length of time ih grade^^ 
.a certain len^gth of "time in the naval service, a' 
recomrnendation ,by the commanding officer, 
and a sufficiently high mark on tiie Navy-wide 
'examination. The final selection for Senior and 
^ Master Chief is made by a regularly convened 
selection board. ^ \ 



The determination as to which NaVy ratings, 
NEC's, and Special Duty Assignments are ^au- 
thorized proficiency pay is accomplished . 
through an annual review, within the Bureau of 
Naval Pe/sonnel, of all Navy ratings, -NEC's, and 
Spsgial Duty Assignments. Those ratings, NEC's 
o^Rpecial duty assignments. which fulfill the 
Department of Defense criteria for an award of 
proficiency pay are included in a proposed fiscal < 
year ProficieJicy. Pey Ptf)grani submitted to the 
.Secretary of Defense ^r approval. 
♦ The Secretary of Defence has autiiorized two 
categories of Proficiency Pay for Navy: 



:anunatiop Subjects 



' Qualifications for advancement to Senior 
Chief Petty Officer and Master, Chief Petty 
Officer have been*' developed and published in 
tiie Manual of Qualifications for Advancement, 
NavPers 18068 (Series). They officially establish 
minimum military and professional qualifica- 
tions for Senior and Master Fetty Chief Officers. 
^ The Bibliography for Advancement Study, 
NavEdTra 1 0052 (Series) contains a list of study 
" references which may be used to study for both 
' military and professionakrequirements* 
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"The satisfactory .completion of the 
nonresident career course tifled Military 
Requ jrem'erits for Senior and Master 'Chief Petty 
Officer, NavTra 91209, is mandatory for 
advahcement to E-8 artd E-9, ' 



ADVANCEMENT TO WARRANT ' 
AJfl) COMMISSIONED. OFFICER' 

. The Warrant Officer progfam provides oppor- 
tunity for advancement to warrant rank for E-6 



and above enlisted pejTsonnel. &6's, to be 
eligible, must "have passed an E-7 rating exam 
prior to selection. 

The LDO program provides a path of advance- 
ment from warrant officer to commissioned 
officer. LDO's are limited, as are warrants*, in 
their duty, to thQ broad technical fields asso- 
dated with their former rating. 

If interested ilk becoming^ warrant or cbm^^ 
missioned ofQcer, 'ask your educational services 
officer -for the latest requirements that apply to 
your p'articular case. 



/ 
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CHAPTER 2 

LEADING PETTY OFFICERS 



Senior petty officers of^the Aviation Boats- 
wain's Mates E rating have onfe of the most 
responsible jobs aboard ah aircraft carrier. They 
must handle large groups of men, supervise the 
operation of catapult and arresting gear ma- 
chinery, and " perform ipany other jobs with a 
maximum of safety. Their ^ability as.Jeaders and 
supervisors'has earned them the respect of their 
seniore and also the meiK undier them. It has 
taken much thought, study, planning, manual 
labor, and an unsurpassed attention to details to 
earn this respect 

' Each of these leading petty officers has 
pkyed an important part in the formation of 
plans of action, has taken direct steps to insure 
that these:^plans were- explicitly carried out, and 
has" exercised great cdre to treat the men under 
. him with fairness, respect, and consideration. 



LEADING PETTY OFFICERS' DUTIES 

The most importaftt duty of any petty officer 
Js leadership. Leadership is the art of influencing 
human behavior or the ^ability to handle men. 
Thejeading ABE began developing this art at the 
timFhe was given his first responsible job before 
bieing .advanced to ABES. It may have been an 
. unconscious effort on his part ^t this time or he 
inay have actually realized that he was being , 
gven an opportunity to develop certain leader- 
ship, qualities. ABE*s seeking advancement, to the^ 
hi^er rates must show confinUmg improvement 
in, their leadership abilities and techniques. 

Military leadership, like aily other Form ot^. 
leadership, squires •that certaih factors or ele- 
pierits be exhibited to make it a vital and driving 
^ifofee. ,The leading. ABE^ by virtue, of his posi- 
tion, must demand discipline from his men. 
Permitting undisciplined actions on the part of 
.his ifien actually marks him as a poor .leader in 



their eyes although he may n^t realize it at the 
time. ' - 

The morale of the men under him is of vital 
importance Jto the leading petty officer Only 
when his men exhibit zeal in their work, hkve 
pride in their accomplishments, show confidence 
in their leading, petty officer, and possess ef- 
ficient work habits is'.the leading ABE' certain 
that his leadership) is of the highest quality. 

Another element directly connected with the 
art of leadership is that^ttf'^tStes. H€»^,'*ethics is 
thought of as the exercise x)f duty along'ihoral 
lines.. The leading ABE must have developed a 
strong sense" of what i? right and wrong by. the 
time he reaches the leading petty officer status* * 
His ability to stand finnly by his convictions 
concerning correct moral ethics, sometimes in 
the face of*po6rly conceded disbelief on the 
part of his men, is a factor which will ultim^ely ' 
win fpr him the confidence of his men.' By 
adhering to a high standard of honor and 
integijity, he wins the confidence not only of his 
men, but also that of his superiors. . ^ 

Two other important characteristics of a / 
conscientious leading petty officer are his ability/ 
to train and to supervise the mtfi undei; him. 
Leading A^E'^ must employ various^technigWs 
in the training and supervision of the nien under 
them. These techniques may have been acquired 
in formal training schools, or through experience 
since their striker days. Regardless of how they 
were attained, good techniques are essential in' 
the effective and proficient training and super- 
' vision of men. If a^ leading petty officer will 
evaluate himself on how effectively he is using 
the better 'techniques which- he has learned 
throu^ the^'years, he will realize his value to the 
Navy. ' ' 

This que^on is often asjced: "Why do some 
leading ABEV with equal time in the Nayy make 
better instructors and supervisors than others?" 
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There are, several^ reasons. Some. of these 
have a natural flair for teaching *an^ an innate 
ability to supervise men, others do not. Someu . 
' will have had m9re, experience in supeivision and 
instruction than others due to th^ nature of 
their past' billets. Moreover,^ some actually enjoy 
leacljing and ,'supervising; others have not de- 
^ veloped thi^ liking.' Hdwever, it h|s"been found 
that most reasonably intelligent ^persons may 
'become proficient instructors aflo supervisor 
provided thej^pply themseh^es and receive the 
proper . training eltiier through schooling orL.. 
through personal^xp'erience on tiiVjob. ^ 

There are njanyiFijst Class and Chief Aviation" 
Bpatswain's Mates E doing excellent^obs.irf the s ' 
Navy today who have acquired thelf excellence 
" 'in these two 'arear through jR^ison^ exp^eriendfe ^' 
alone. These pefty officers hav^; advanced ^ 
through reading, self-study, and observing clos^* • 
ly the effects of their supervision and^fii^truction \ 
on^the' men placed 'in thbir charge.^>They have 4 
' also ch^ged their tecliniqiies when, they fpun^""^ 
/the old ones_to be ineffective, and haye^generally A 
kept an alert and" ppen n^^rifl regat^ding their J 
responsibilities as an instructor. and supervisor. 
/ ♦ 



The instructor performs his job much niore 
precisely and the trainee learns more quickly 
and accurately when the instruction is given in a 
logical sequence. For this reason a lesson plan is 
needed which sets down the various steps of 
instruction." For example, the 'instructor cannot 
always afford to trust to memory while ex- 
plaining the prqcedures for checking a control 
station. He should have a prepared lessbn plan at 
his dispo^^ which notes the various* steps in 
detail. - ^. 



^ METHODS OF DESTRUCTION 



trai^JdJg 

• ^. 

^order for the leading ABE to^^ve'the most 
- effective instruction ^to his men, he must devote 
* considerable JtteDu^t to .the planqlnls of his ^ 
pretentetion, incluSing the type aS;i<kind of^^ 
^ instruction to be used. Maximiyn use must be H 
made of all available instructiondt^ds and"^ 



. Thre» commonly, employed methods of in- 
struction are the lecture, the discussion, and the 
demonstration. Each has its advantages and 
disadvantages.- Quite often one or more of tliese 
methods may be combined to be advantageous 
i^ .certain types of instruction. In , other in- 
stances, one of these methods may work better' 
if .employed' by* itself "However, too much 
dependence should not be placed in aijy one of 
these methods fgr all occasions. 
^ i The lecture method is considered to be the 
IJeast effective of the three for most purposes. 
However, the leading ABE may effectively use 
9 the lecture method when instructing a large 
class. * ■ • ' - . N 

' A large portion of the teaching performed in 
the Navy is accomplished through the discussion 
method. This method requires student participa- ' 
tion to a degree not found in the other methods, * 
^^and for that reason, is a :much more effective 



instructional^^ds^ and dftmnnctrfttTr^ t^inrfpic : tw-^._ K^T^ - V 



^ ' 

k^tructional-^^dr *and demonstrafi^ models , 
-*^annbt-be overemphasized, -particularly when ^ 
the actual piece t)f equipment is not aVailkble or 
^is totally unfit foit classroom use dqe. to size, 
cost, ^or complexity; ' often times, demonstra- 
tions may be made clearer throu]^ tiie 'uj/iof ' 
models than vrfth the actual equipment THis.is ' 
•especially true in instances involving ;|3tfe giving 
of instruction 'to large numbers, of n^en simul- 
taneously. Tljey are able to^see the model when 
properly' displayed, whereas they might not all 
be able to see the actual piece of equipment 
^ clearly enou^ to observe the details. ' 
The -first stej^ in setting up any Infective 
program of ihstruction in any field is^jlanning. 

ERIC' :., , • ri- ' 



The leading ABE will find the discussion 
. me.thpd to be -a great help in "getting across" to 
a class, or informal group, the knowledge neces- 
sary to safely and effectively remove and install 
various types of packing. By commencing ,|he 
session with a brief summary of what is to 
be le^ed, the instructor sets the sta^ .for 
utilizing the discussion methocf of instruction. 
He can create trainee interest by drawing out 
automatic answers to his .carefully planned 
questions on the topic. The leading petty officer 
never calls on his students in any set pattern but 
at random. This procedure keeps the trainees 
more alert, as they arfe never certain when they 
may be called upon to answer a question. »: • 
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The! demonstraiion method of instruction is 
/^bSBly the most effective method knpwn, 
whereby trainees 4eam exact methods of; per- 
formance in technical work. This methodisuc- 
ceeds where others ^ail, because it attracts; the 
attention of ,the trainee and ar^ouses his (Tirect 
interest Trainees will want to^ try^tiieir sKill at 
doing the Job. / < : 

The demonstration^ method may.be; used 
effectively -in teaching principles S^of ope^tion, 
maintenance, testing, mspection, and oth^X pha- 
ses connected with the equipment!^operat|d by 
ABE'S. 'Leading petty . officers fmd tills an 
excellent method in the training of strikers and 
men in the lower r^tes on how \o calibrate gages ^ 
using the calibrating instrument. The instructor 
calibrates a gage, showing the procedure. He, 
then lets each trainee calibrate a gage.-Througl?; 
demonstrations the instructor is ^ble to Insure 
that his students, are capable of lyerforming the 
J required Work in a shorter length df time. ^ 

,iEAIWING AND LEARNING ? i 
PROCESSES' 



The instructor's role in the leading process is 
td expedite learning by causing p: to take place 
m the trainee's mind more effe^ively and" in a ' 



"^«xpeiienced man is being closely observed at 
work, many of the finer points as well as some 
— of the basic points of the performance are 
missed by tKe observer. He simply, c^not 
observe "them all; there is.tao much to be seen. 
Au^xample of this is a man not familiar with, 
the dye penetrant inspection watching an ex- 
■ perienced man interpreting results. He must have 
the technique?* ^xplaiiled to Tiim prior to com- 
mencing the performance and ^s the per- 
formance progifesses. This helps> the trainee 
-because "he knows what to look for" and 
"understands what is going on," even though he 
i may not be able to see if all. .The trainee should 
then .practice all phasfes ; of the: performance 
himself. ■ ' ' ^ 

The transfer of learning is the reuse of 
previously gained knowledge in new situations. 
For example," a man who has'^worked on one- 
type of '.arresting gear would find it easier to 
learn another type oftoesting gear than would a 
man 'who has nO experience in arresting gear at 
all. He wouidobe'Xble to transfer some of his 
earlier learning to. the new situation. -The com- 
ponents with which he previously worked and 
those' he now uses have something in common. 
-Therefore, Jt may be said that a transfer of 
leaiSing has taken place, thus facilitating leam- 
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m tne trainee s muia muic cucv^iyci^ - - ^ — ^--^^ 

shortfer period of thne. It isfound, however, that i mgin the new "tuation. 



error, 'by observation, by'trans^r, and by doin& 
The trial ^d errpr method lends itself t6 
waste of time and energy \yith respect to, 
teaming. The' iperiod- of learning ucider thisx 
method is necessarily longer than under guided; 
instruction. Once an' error is. made in the^ 
learning process, progress halts', and a new start 
must be undertaken. Gross ne^gence would be 
: involved in allowing an inexperienced man to 
^tempt to repair a delicate an4 costly pressure 
.^ge. It might even be dangerous to him and 



that the instructof's services be utilized. Th^ 
instructor and' the trainee must work togeth«rf 
• Learning takes place under this method in ,the 
following manner: llie instructor first performs 
vAiaX is to be done and tells the trainee what he 
is doing whUe he works. Next, .the trainee 
attempts to tell what is being done, while the 
instructor once again performs the woric. Now it 
becomes the trainee's turn to perform the work 
and at the'saine^/time tell what he.^.^ng. 
" Finally, the trainee practices what he has leal^ed 
while the instructor closely supervises tiie work. 
Learning- by doing is the tPlsic method for 



others nearby, as well as damaging, the gage f ■ ^-^--o — - ;„ the Naw 

^Tl^ SIver tfiere are a number of . using the learning by domg inethod of instruc-, 
^ Stdv'S^^' methodjE/en when an) . tion. Converse>, it is easier for the stnker to- 
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leajii disassembly and reassembly of this valve in 

4 minimum of time by working closely with the 
Structor. . 



CONDITIONS, ATTITUDES, 
AiyO HABITS 

■'l 

Many factors affect the efficiency with which 
the trainee will learn. The. physical conditions 
undef which . instruction is ^ven is a major 
consideration in determining ijts' effectiveness. It 
is reasonably certain that a'discussion conducted 
bW an instn^ctor would be 'less than successfuf 
ui|der adverse conditions of temperature, light- 
iO&Jioise, and other distracting elements. 
' jThe alert instructor will think of and do 
something about , the mental condition? and 
conditioning of his trainees. He must know how 
to cope with the various types of mentaj 
distresses and take positive action to remedy 
tiiem. His approach to tiie problem should be 
from a sympathetic viewpoint rather tiian one of 
rebuff or anger. 

In some cases the" instructor assigns his stu- 
_ dents specific homework when time doernot 
r, {^i^mt/all_©ii4hfi'f^hffic^ dat£>J5e^d^uately 
• cpvered in-regular study perioasTeitiier ashore or 
^oat. He shoujd test the men periodically on 
this outside work to insuf&that they understand 
What tiiey have accomplished on tiieir own. For 
instance, if the subject being covered is a 
(jatapult control valve, he may assign outside 
reading in Fluid power, NavPers 16 193 (Series) 
to cover the^asic tiieory. Other areas of tiieory 
4nd' all possible^^practical work are discussed in 
plass. f. 

By questioning tiie. trainees during tiie study 
Jriods and giving tests on tiie areas assigned in 
[le collateral reading, the instructor may check 
bn tiieir study habits and tiieir total pro^ss. He 
^ust constantiy review tiie basic concei)ts of 
good work habits and stuBy habits with-tiie 
trainees. Through repetition, tiiey should be- 
^oome second nature to tiie trainees. ' . 

A more detailed discussion on the factors 
^involved in learning and tiie metiiods of in- 
.structing is contained in tiie. Manual for N^ 
jlnstructors, NavPers 1610':^ (current editioji). 



PRINCIPLES OF SUPERyiSIjpN 

United States Navy Regul^dns (1948) states 
.tiiat. Navy petty officers "shall aid to the utmost 
of tiieir ability, and to tiie extent of tiieir 
autiiority, in maintaining .good .order and disci- 
pline, and in all that concem^ the efficiency of 
tiie Command." This is a major responsibility of 
*aie petty officer. It is Ukevwse a major duty. To 
comply witii Navy Regulations, a leading ABE 
(supervisor) must direct tiie activities of the men 
being supervised in a manner to cause tiiem to 
take pride in jobs tiiat tiiey have performed well. 

Furtiier, in order to direct activities'- com- ' 
petentiy, it is necessary for tiie supervisor to 
-have a working knowledge of file principles of 
supervision. Supervision consists \of exercising 
commonsense and good judgment, -tiie applica- 
tion of certain' basic principles, an understanding 
of human nature to tiie jgreatest extent possiWe, 
abihty to make decisions, tiie practicing /of- 
impartial treatinent to all, and an intense -loyalty 
to both superiors and tiie men being supervised. 
By tiie time an ABE becomes a leading petty 
officer he has already developed many pf tiiese 
attributes and needs only to concentrate on 
„tiiose^ fe^vy that he has not en tirely graced. ' 

The military anil specialty duties and re- ' 
sponsibilities- of tiie leading ABE go hand in 
hand. Certain areas of tiie ABE's responsibility 
are inherent by tiie nature of his woi^, otiiere as 
a result of his being a petty officer in tiie Navy.' 

His duties lie, to a great extent, in accomplish- 
ments m tile areas of work for which he is 
responsible. The leading PC must perfoim tiie 
related functions of a. military leader and. a 
techmcal man simultaneously. He may not work 
at one to tiie exclusion of tiie otiier. The leading 
petty officer must know tiie technical aspects of 
tiie ABE rating; otiierwise his usefulness as a 
supervisor and as a technical man will be 
severely curtailed. He must have .tiie . attributes" 
of 2t gobd military leader; otherwise his useful- 
ness as a supervisor and leader will be equaMy 
hmited. Thus, he is definitely li'mited in^e 
fields of leadership and supervision, as well aSl 
his usefulness to tiie Navy, if for instance, hels v.- 
unable to explain tiie operation of a fluid qooler, ° 
or IS unable tD effectively supervise a.group of ' 
men hooking up an aircTaft to a catapult. 
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By .d'efmiti<5n, a supervisor is one who is 
re^onsible'for and directs the work of. others. 
This means that the leading ABE must ^tually - 
'bveisee- and instruct the men under 'his super- 
vision. A mere' inspection of the work of the 
men under him is not supervision. The function 
of supervision .is not considered to have been^ 
fulfilled until positive action 'h'asjjeen taken to 
iihprove a program, to expedite a process, or 
otherwise to improve a pven sitaation. The 
supervisor ,has a tremendous job when all facets 
are considered. He must satisfy the demands of 
his superiors, he must keep his men busy and 
content in their Work, and, as a check on 
himself, he must constantly analyze his abilities 
in the job to determine if he is successfully 
accomplishing the goals of an instructor and 
leader. 

PERSONNEL RELATIONSHIPS ^ 

The everyday contacts of the supervisor vnth / 
the men under him and others associated VidtlV 
him constitute personnel relatidhships. The leadA 
' ine ABE is concerned vidth the everyday c<x^ 
'tacts, as well as trying to maintain and improve 
' personnel relationships. He realizes that when 
the' men under his supervision, are generally 
satisfied vidth their working conditions, a sense 
of good personnel relationship exists. Althougli 
this condition exists, hfe must strive.to improve/ 
tiie relationships on a continuing basis. He also 
realizes that the manner in which he pprsonally 
handles his own contacts influences the attitude 
*•• of his men toward his supervision. It matters not 
~ whether these contacts are on a group or on an 
■» individual basis. It requires just as much tact, 
interest, enthusiasm, and effort in making one 
working contact as in making many at one time. 
Effecting good personnel relationships con- 
stitutes a great portion of the responsibility and 
duty of a supervisor and military leader. 

One of the factors influencing the supervisor's 
ability to maintain good personnel relationships 
is the manner in which he pves orders. Quite- 
often there 'is a failure on the part of the 
supervisor to note the Qlose connection^existing 
between discipline, cooperation, and pving or- 
dets. Orders ^ven in connection vidth military 
drill, etc., should invariably be given in a clear 
crisp voice devoid of excitement and slowly 



enough for their meaning to be understood , 
cle^ly. Orders pven to a trainee or a group of 
trainees by a supervisor normally -t^e the form ^ 
of directions, assignments, requests'for perform- 
ance of certain work, etc. The only military 
implication in thes^ orders is that of obedience 
on the part of the toainee. Otherwise, there is 
Uttle similarity in the two types of orders. 
However, 'the supervisor must exhibit considera- 
tion in any^type of order that he gives. He must 
have the military and sujiervisory qualities that 
will enable him to carry out his duties and . 
responsibUities in the most advantageous manner 
and insure that his subordinates do likewise. . 



QUALITIES OF A 
GOOD SUPERM 




To attain th^statti^ a good supervisor, om 
must po&sess a itamber of qualities and traits 
which directly or indirectly influence the men 
supervised. A definite relationship exists be- ^ 
tween the supervisor, the instructor, and the' 
leader. Each might be s^id to ocoUpy one point 
of a. triangle; so closely are they related. The 
traits and qualities normally attributed to a ; 
supervisor are eqijally applicable to an instructor 
or leader. Each employs the same techniques 
and adheres to the same principles in a broad 
sense. By the time that the leading ABE be- 
comes qualified as a supervisor, he will have 
attained the desirable, qualities and traits "of an 
instructor and leader. ' ' . •, • 

It is neither feasible jior desirable to;detail in. . 
this manual all of. traits and qualities , 
intimately associated vidth the good supervisor, 
instructor, and leader. However,- it is important 
that the leading ABE, through self-appraisalj 
constantiy remind hiipself of these traits and ^ 
qualitiesnn order to maintain and improve his 
value to the Navy. A review of supervision, 
instruction, -and leadership maj? be found in 
Military Requirements, for Petty Officers 1 &.C, 
NavPers 10057 (Series)'.' 



DIVISION ORGANIZATION 

Although the organization of a V-2 division 
varies slightiy vidth the type of ship and die 
amount of launching and recovery equipment" on 
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boaidv this chapter covers the fundamental setp.p 
fof a tVA. You will see that we go into detail 

* only in^ the functions-of the V-2 division officer^ 
leading chief,' other chiefs assigned, and the 
leading petty officers. In later chapters, the 
duties of the other men assigned- to* ^ -V*2 

• division are broken down. - 

To get a better idea of the function of a V-2 
> > division the following is quoted: 

"The mission of the V-2 division of the air 
department is to conduct launching and landing 
operations an'd to operate and maintain the 
catapults, arresting gear, and visual landing aids 
so that the^ embarked drcraft squgdrpns "^and 
.detachments can most effectively conduct air 
operations in the appHcation of their military 
potential," . - . * ^ 



V.2 DIVISION OFFICER 

The basic functions of the V-2 division officer 
Qxe the supervision of the operation and upkeep 
of the ship's catapults and* arresting gear, and. 
directing operations in the Fly Onp area during 
flight quarters. He has cognizance over catapult, 
.and arresting gear personnel. He also per^rms 
the functions of arresting gear officer in the 
" absence of an assistant catapult and aires tipg 
gear officer." Other duties and responsibilities are 
to: V ■ ^ ^ , 

1. Supe^yise the op.eration of the catapults 
-in the laonching qf aircraft as follows: 

a. Designate catapult .pressure/constant 
steam valve (CSV) setting to used during each 
faunch^arid such changes in p^ssures as may be 
required during launching ope^tions. 

nib: 'Supervise the spQtting of aircraft on the 
catapults. . ^ 

c. Check catapult hookup and aircraft 
alinement 

d. Visually check aircraft to insure that 
wing flaps are ixjf the desired position and wings 
locked in position. . ' 

e. Give the signal for firing the catapult 
after ascertaining that the pilot,, aircraft, and 
qata^ult machinery are in all reispects ready for 
th6 launch. , ' ^ * 

2. Insiire that safety precautidns are ob- 
served by catapult personnel in the launching 
area and catapult machinery spaces. 



3. Insure the reatdiness of catapult engines, • 
controls, and other pertinent apparatus by 
' . mMis of frequenl tests and inspections and by 
insurinjg' that necessary repairs and, preventive 
maintenance procedures are performed, 

, 4. Initiate action in. case of crash, firp, or 
*\other damage forward on- the flight deck until 
relieved, b>^ tiie flight deck ^officer, or aircraft ' 
.C3;ash^dlfti salvage officer. 

5. Insure the upkeej? of spaces and shops 
assigned to catapult and arresting gear, including ' 
the, pbsting and enforcement of opera^ng in- 
structions and safety^ precautions. ^ . 

' 6. Insure that spare parts required are req- 
uisitioned, and sign tiie requisition form. . 

7. Insure* that logbooks and records are 
maintained and that pertinent informatioij^is 
properlij recorded- and reported as required by 
higher authority. . . « 

,8/ Maintain cunent files of pertinent publi- 
cations,^ bulletins, operating instrucfions, and 
otiier directives of higher authority. ^ 

,9. Supervise- the training of assigned per- 
sonpel in tiie operation and maintenance of tiie 
catapults and brief all pilots on catapult proce- 
dures. \ • . 

10. Request permission of tiie air officer or 
primary^ fly contrd to Activate or deactivate 
catapults. ^ , ^ 

IL Act as division officer in the administra-' T 
' tion of tiie V-2 division. • ' 

12. Pi;epare requisitions for general supplies 
and material for transmittal to tiie aircraft .1 
handling officer. " * i ' ' 

13. Insure' tiie j)reservation and cleanliness of 
assigned spaces.* 

14. Perform such .(Jther duties ^s may be 
required. * „ - • ^ ' ^ * 

LEADING CHIEF PETTt OFFICER 

Hie ka-dfng CPO has authority over all en- . 
listed'personifel of tii^ V-2 division and insures 
tiiat tiie material upkeep and maintenance of tlje 
arresting gear and catapull systems are properly 
performed. is also responsible for tiie.cleanli- 
ness of tiie spaces assigned to the division, to 
conform ^yith tiie high standarife established for 
tiie ship. The leading jCPO is the senior CPO of 
tiie division. All otiier CPO's of tiie division are* 
subordinate to him, • 
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Specific dutief^e to: 

I. Pursue a vigorous training program in 
accordance with departmootal and divisional 
policies. 

. 2. Maintain logs and submit repofts as re- 
quired. 

3. Control the personal appearance of all 
piersonnel of the division. 

4. Muster the division daily and make* a 
report of this muster to the division officer. 

5. Maintain an .up-to-.daJe watch, quarter, 
and station^bill for the division. 

6. Supervise the upkeep, repair, and clean- 
ing of all assigned spaces and machinery. 

7. Recommend to the division officer the 
assignment of men to billet numbers. 

8. Screen special requests and indicate ap- 
proval or disapproval in the prescribed form.^ 

9. Assist the division officer in the, prepara- 
tion of reports of Enlisted Performance Evalua- 

^tion (NavPers 161^/5 for personnel assigned to 
-the division in pay grades E-1 through E-6, and 
NavPqW 1616/8 for other CPO's aligned to the 
division). 

10. Advise the division officer of the need for 
an extension of the normal working day, when 
necessary, m order to maintain material upkeep 
and cleanliness of his spaces, to conform to 
division standards. ^ 

I I. Disable vital machinery only after permis- 
sion has been obtained from the division officer. 

1 2. Perform such other duties as directed by 
proper authority. 

Other CPO's are assigned to the Vr2 division, 
depending upon the total number -of catapults 
and arresting gear units installed aboard ship. 
These CPO's aid the leading CPO^ in all of the 
above duties ai:id one of them acts as the leading 
Cf O in his absence. 



LEADING PETTY OFHCER 

The leading petty officer is primarily .re- 
sponsible for^the administrative functioning of 
the division.- During operations, he aots as a 
rovmg supervisor to coordinate the activities of 
the entire division. . 'hie^ leading petty officer is 
the senior pettysomcer (other than CPO's) 
assigned to the division. All other petty officers 
are subordinate to him. 



The specific duties' and responsibilities of the 
leading petty officer correspond closely with 
tiiose of the leading CPO. These duties may be 
considered to be performed on a more personal 
basis, in that the leading -^etty officer deals 
directiy with the junior pet|y officers and men 
in the division, and serves 'as liaison between 
tiiem and' tiie leading CPOv ^ 

Some of the more impbrtant responsibilities ' 
of the leading petty officer are Ihe maintenance 
of tiie training program; enforcement of safety 
regulations; and tiie upkeep of ' the division 
watch, quarter, and station bill. The leading 
petty officer also prepares the Mivision daily 
watch list and insures tiiat Ml personnel st^ding 
tiie aviation security watches are property quali- 
fied. *5 

OTHER ADMINISTRATIVE. 
PERSONNEL 

Other key billets of a V-^Tdivision include the 
education and training pettS^ officer, tiie safety 
petty officer, the damage control petty officer, 
and tiie police petty officer.' These billets are 
generally filled by ABE2's and' ABE3's and may 
be assigned as collateral d^ty. When assigning 
personnel to these billets, the senior ABE should 
choose the. most qualified>personnel available 
and insure tiiat they are property trained and 
checked out in tiieir assigned duties. This helps 
^sure a smooth-running division and relieves the 
senior petty officers of many small details in 
^ order tiiat tiieir attention may be directed to the 
more important duties. • ^ , ^ 

GENERAL SAFETY PRECAUTIONS * 

«r ft 

Safety in itself is a subject tiiat covers just 
• about every phase of tiie ABE's wbric. Safety 
must become second nature to a man working 
around lauhching and recdveiy equipment It 
'makes no difference • whetiier he is working 
above or below decTcs; manV lives including his 
ovm depend on how tiioroughly and safely he 
dops his assignea\task. 

The following are considerations and practices 
tiiat are fundamental tQ a good safety program 
for aircraft launching and r^overy personnel* 

J. Use tools properly. For many years special 
tools have been designed for specific catapult 



AVIATION BOATSWAIN'S MATE Ef 1 & C 



repair jobs. At the present time more and more 
- special tools are being designed and used for the 
repair and maintenance of both catapults and 
arresting gear. These tools have frequently re- 
' suited from problems* met and ideas conceived 
by ABE's both ashore and *in the fleet They 
were designed to make it easier to do specific 
jobs properly and safely. Use them, wisely-use 
th ese tools for the jobs for which they were 
, designed. 

2. Many jobs done by V-2 personnel are done 
under less than ideal conditions; however, no 
matter what the job is, safe worJdng conditions 
can be set up. It is your responsibOity as a senior 
petty officer to insure they are set up and 
followed. In seeing that safe workmg conditions 
are carried out, always keep a close 'watch on' 
men performing hazardous jobs, for fatigue is 

, -always a problem in carrier operations; there- 
fore, be .alert for its first sympfoms. No matter 
how good your safety program is, the physical 
condition of the personnel doing the job must 
always be taken into consideration. 

3. Insure that the proper uniforms are worn 
on the flight deck, including helmets, goggles, 
sound atSenuators, and life jackets. . ' * 



4. Enforcement of all safety precautions on 
the flight deck is a major responsibOity of senior 
petty officers. It should also be. kept in mind 
that the accident potential is greatly increased 
duriAg periods of darkness. Inexperienced per- 
sonnel should not be used for night operations 
)until they are thoroughly famOiar with daytime 
operations. 

5. Insure that all maintenance and repair 
work is- done correctly as prescribed in the 
applicable MRC or maintenance manual. There 
are many publications that can be followed, so 
that a job can be made easier and safer. 
Maintenance manuals are always helpfuL Also, 
catapult and arresting gear repair procedures are 
prepared by the Naval Air Engineering Center to 
show methods of repair for specific pieces of 
launching and recovery equipment Study these 
publications and make application of the in- 
formation contained "therein, for it will save you 
time and effort, and will get the jbb done safely. 
As a responsible petty officer, you should make 
these and other suitable publications available to 
your men to assist them in the job of mJ\mtain- 
ing their equipment in fhe best condition possi- 
ble. 
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..CHAPTER a / 

SHOP SUPERVISION AND ADMINISTRATION 



A supervisor is one who is responsible for and 
directs the * work of others. When ypu first 
became a petty officer ybu also became a 
supervispf. As you advance up the ladder in the 
chain t>f-eommand you will 'be responsible for 
the supervision of more and more men. You will 
not only, be responsible for the supervision of 
the men assigned to your division or crew, but 
will also plan, organize, direct, and coordinate 
the many jobs A'BE^s are required to perform. 
How well a petty officer plans and vdis tributes 
ithe work^Ioad within the scope of his responsi- 
bility is a determining factor in analyzing his 
ability as a successful supervisor. 

MANAGEMENT Of^ SHOP 
AND PERSONNEL 

I 

As an AB^l or ABEC, you >yill have increased 
supervisory^ duties whSch require greateflr knowl- 
edge and ability in administrative duties and 
procedures. The job of supervising is a miny-sid- 
ed task. It involves the procurement of equip- 
ment, repair parts> and other ma'te rials, planning, 
scheduling, and directing work assignments, 
maintaining an adequate file of applicable te.ch- 
jiical publication^ maintaining required logs and 
records; making^reports; and carryii^ on an 
effective trainin^rogram. 

Juties and responsibilities are as 



Some typical 
follows: 

1. Getting 

2. Using anc 
3.. Prevent 

ards. 

4. Keeping^ 
. 5. Maintair 
accomplished, i 

6. Maintain^ 
ords and^epor 

7. Maintair .„ 



fe right man on the job. 
placing materials ecQnomically- 
accidents and controlling haz- 

lorale at a high pitch. 
ig quality and ^antity of work 

ig accurate and up-to-date rec- 
ig discipline. 



, 8. Planning and scheduling work. 
9. ProcXiring tools and equipment to do the 
work intended. 

10. Giving orders, making decisions. * 

1 1. Checking and inspecting work. 

12. Promoting ^ood teamwork. 

' Some of the above techniques will have been . 
learned through past e^^perience; others will haVe 
to be learned during the actual supervision 6f 
the division. Still other techniques may be 
learned, from self-study^ courses and technical 
. publications. The purpose of this chapter is to 
acquaint the new ABEl/ABEC with some of the^ 
more important aspects of supervision. 
: Briefly, the o6jectives of shop supervision are 
as follows: - 

; 1. To operate with ma;;injum efficiency and 
safety. 

2. To operate with minimum expense an<l 
'•r waste. 

3. To operate free from intemiption and' 
difficulty. 

Personnel . who are under your supervision 
must always be made aware of the dangers 
involved while working around the machiiiery or 
the ^rcraft aboard a carrier. They must 'move 
quickly, efficiently, and safely. ^ 

While these are the primary objefitives 9f 
supervision, it is well fbr-the ABElNor ABEC 
who may be, assigned these duties to keep in" 
mind tiie fact that his:^ignment is important tb • 
him personally. It affords him aiT excellent 
opportunity to gain practical experience toward 
eventtial advancement to ABCS and ABCM. 

A supervisor should- know- his. men's limita- 
tions and capabilities in order to get the most 
wc^ out of them. He should utilize the 
capabilities, of his, best men in a twofold manner. 
If at ail possible he should assign a well-qualified 
man to do a certain job and add to the team 
other individuals wbq are less qualified, but who 



AVIATION BOAT^AIN^S'MaYe E I & 6 



are professioriallylready foV advanced bn-tiie-job- 
training. ' ' / • / ^ 

The supervisor must; anticipate tl\e e/entual 
loss lOfhis most experienced workers through 
transfers, discharges, etc., and offset this by the 
•establishment of an effective and ;:ontmuing 
training program. In addition to raising the skilh 
level of his division, the training program will 
insure tHat personnel, otherwise qualified, vidll 
be ready for the advancement examination. 
^ A safety program must be organized and 
administered iT the division is to function 
efficiently. Current Navy directives and local 
policies are quite spedfic as to the establishment 
of safet;^ training'prograihs. , 
The keeping of accurate and complete records 
, is anQther factor in the efficient ot)eration of a 
division. This iniludes^ records of us^ge data, 
work accomplished, and personnel progress. The 
^most efficient recordkeeping is one wTio has 
enough records Without having his files bul^g ' 
with liseless and outdated material. ' . 

The supervisor has' responsibility fqr ordering 
and accounting for spare parts and matferial. He 
inust impress upon his men the need for being 
thrifty in th| use of these materials.^ The 
effii^iency of any operation is directly related to 
the relative expense involved. There are many 
ways to economize, and the supervisor and his 
senior petty officers should always be on the 
alert for » opportunities to point out these ways 
to the less experienced individuals. 

Methods of avoiding waste and unnecess^ 
expense should be included in «the training 
program. , 



MAIJVITENANCESHOP 

' • • * t 

A srhoothly run maintenance program de- 
pends Jargely upon the extent to which the. 
mainteitance shop fil^ and equipment are main- * 
tained. Equipment in good wprking order, tools 
in good shaRe and of the' proper type and 
quantity/ and tax up-to-date file of applicable 
publications are all important factors-indicating i 
a smoothly run maintenance, shop. " '} 

the shD|) ftihctionsr may beTurther smoothed 
by Oie judicious delegation * of authority to 
individuals next in :>cmority to the supervisor. 
The delegation of authbiity does not relieve the 
Supervisor o( the final respbnsibillty. for work 



accomplisl\ment It is primarily a means of 
. relieving the supervisor of details. A supervisor 
who allows himself to become too involved with 
de.tails loses his effectiveness as a supervisor. 

"A system of stowiriig tools must be devised. 
Ah efficient system cannot be set up without 
first determining from allowance lists what tools* 
will be required^for satisfactory operation of the 
stiop. The place for all toc^ls should be marked 
or otherwise specified,, and^those not being used 
should be kept in that place. 

The shop layout plan should make provisions 
for an information or bulletin board upon which 
may be posted safety posters, maintenance 
posters, instructions and notices, plans-of-the-' 
day, -and iiicl\ other information as is appro- 
priate. The bulletin board 'should be located in a 
pron^in^nt place in the shop*, preferably near the 
entrance where everyone assigned will liave to 
pass it at some time during the day. Material on 
the bulletin board should be changed frequently, 
expired notices 'promptly removed, the current 
t)lan-of-the-day posted early, and other posters 
and material rotated periodicsilly. If the same 
material is presented in the same format every 
day,Jt will not be long before the men begin to* 
ignoVe the bulletin board and the purposes for 
having it will have been defeated. New arrange- 
ments are noticed and interest is'stimulated with' 
variety. ^ 

personnel: WORK ASSIGNMENTS 

Work assignme;ats should be rotated so that 
each .man will have an opportunity tp develop 
his ^skills in. all phases 6f the ABE work. When 
assijpiments are rotated, the work becomes more ^ 
interesting for .the men. Another good reason for 
rotating work assignments is that if, one. highly 
skilled man performs all, the work of a certain 
type, the supervisor and the division wbuld be at 
a great disadvantage in 4he event the man is 
transfetjted. ^Less experienced persoiine^ should 
be assigned 16 work with/ him in order to 
become proficient^ in his particular skill. Also, to 
broaden his knowledge^ of his rate, the expert on 
one job should Jbe rotated to other tasks. This 
will fiiake him more valuable to his division and 
to the Navy in gener^. < , . ' 



Chapter S-^SHOP syPERVISION AND ADMINISTRATION 



Strikers should be assigned to various tasks so 
that they will:acxiuir? experience on all kinds of , 
jobs. A -special consideration for the assignment 
of strikers to jobs is^that th^y should be assigi]e(J' 
progressively • to jobs of ascending levels of , 
difficulty, A striker niay be a useful assistant oh 
a complicated job^-rbut he may^not understand 
what he is, doing unless he has worked his way 
up from basic tasks. ^ 

" ! ^ * 
ALLOWING FOR PLANNED 
INTERRUPTIONS . 

During an average wojrkdayr. occasions will 
arise when personnel have to le^e their working 
spaces for, one reason oi another, theifeby 
delaying the. completion of the scheduled work. 
Some delays can bp anticipated, some cannot. 
Among the delays which can be. anticipated are 
training lectures, immunization schedules, flight 
operations, rating examinations, meals, and 
wafches or other military duties. 

Befpre making personnel woric assignments, 
the supervisor s|ioifld determine what delays can 
be anticipated. It may be. possible to arrange 
assignments so that woric interruption is h?ld to 
a minimum. When estimating the completion 
time of a maintenance task, the supervisor 
should allow for these predictable^delays. 



INSPECTION OF.COMPLETED WORK 

All work completed by the division is subject 
to inspection. TTiis fact in no way relieves the 
supenasor of the responability for checking on 
the quality oC work accomplished by his divi- 
• sion. Frequent inspections should be made 
during the progress of the Work as well as after 
completion. The supervisors inspection should 
provide affirmative answers to the fallowing 
questipns: ' . 

" 1, is the woric being done according to 
curr^kt directives? 

2. Do the materials used conform to specifi- 
cations? ' ' :^ 

3. Is the job complete in all respects? 

4. Does the woricmanship nieasure up to 
desired standards? 



J 



SETTING Up SAFE 
WORKING CONDITIONS 



Operational readiness of the maximum num- 
ber of catapuit or arresting gear en^es is 
necessary if naval aviation is - to successfully 
perform its mission. Keeping all machiheiry in^ 
top operating condition is the principal function 
of Aviation, Boatswain's Mate E personnel; It is ' ^ 
essential that maintenance w^rk be performed 
without injury to personnel and damage to 
equip nient 

Maintenance is, to some extent, naturally 
hazardous due to the nature of the wotk, the 
equipment and tools involved, and the variety of 
materials required to perform many repairs and 
maintenance functions. Factors which can func- 
tion to increase or decrease these hazards are (1) 
the experience levels and mental attitudes of 
assigned personnel, and (2) the quality of 
supervision of the maintenance tasks. Thorough 
indoctrination of new personnel and a continu- 
. ing safety program are the most important steps 
in maintaining safe wx)rking conditions. 

Thfi , concept of maintenance safety should 
exten'j^ beyond concern for injury to personnel 
and damage to equipment Safe work^habits go 
hand-in-hand with flight operation safety Tools 
left adrift, improper torquing of fasteners, and . 
poor housekeeping^around machinery can cause 
conditions which m^cl^ .the lives of person- 
nel as well as cause strike damage id aircraft. 
Safety in machinery Spaces is equally as impo^ 
tant as safety on the flight deck, 

\^hile the increased complexity of our mod- . 
em equipment is a factor, it is noted thata,large ' 
number of accidents and incidents are tlue, not 
to complexify of equipmwit,' but to lack of 
supervision and technic^ knowledge. Many mis- 
takes are simple ones in routine maintenance. 

'Safety in maintenance depends largely upon " 
the supervisory' personnel. The standards of" 
quality ^yhich they establish are directly r^ 
fleeted in the quality of the preventive mainte- 
nance. The -primary, duty 'of the senior petty 
officers is to supervise and iristruct others rathei* 
than to b^cortu^ totally engi;pssed' in actual 
production.* Attempts to perforny both functions 
invaiiably result in inadequate ^pervision and 
greater chance of error. Supervisors., must exer^-^ 
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cise mature jud^ent when afeigning personnel 
' to maintenance^ jobs/ ICond^^ miist be 
given to each man's exper/ence/trainihe,,and 

abiijty. - • I . y ; , \ 

Sometimes overlooked in a inaintenance pro-, 
gram^are the cprisi derations generally grouped^ 
under the term !"humaiV factors." These factors 

• - are important in ';tha/ they determine if .an 

• individual is ready apa physfcally'^able to do the . 
work safely and >itl/ quality, .Supervisory per- 
sonnel should be constantly aware of conditions , 
such as general health, 'physical and mental ' 
fatigue, uni^t 'and individual morale,Mraiiiing and ' 
experience levels of persojjnd, and other condi- 
tions whtch can Contribute in varying degrees to 
unsafe, work. Not only is it important that 
proper tools, protective clothing, and'equipment 
are available for use, but also the insist^ce,6y 

' mfintenance Supervisory that, they afg'usedis of 
utmpst importance. For example, maintenance 
personnel are sometimes nej^igcrit in the wearing 
of soun'd attenuation device's in high noise areas. 

Technical knowledge also plays a large partin 
a good maintenance safety prograra. Hie com- 
plexity of our modem equipment demands the ^ 
attention of well-infotmed and Expert mainte- 
nance pereonnel; otherwise, the machinery can-' 
not be operated arid maintained properly. Tech- 
^cal knowledge is a function of education and 
training which, ipddentally^ does not. end with 
graduation from Class A school-. Graduation is 
only the beginning Any ABE worthy of the 
bating is continually training .and leamijig 
fiirough self-study and application, and throu^ ' 
i personal derire for p/ofidency and self-better- 
ment. Technical knowledge by itself is ndt 
sufficient, but must be coupled with gratifica- 
tion and keen satisfaction in doing aA^^b well. 
The ABE who wishes to contribute to safety and 
reliability improvement mus^t know' his job laniJ 

• jnust develop professional pride in the quality of 
hiswork^ ^ , • 

• It is'ta continuing duty of. eVery person 
Connectw with maintenance to try to discover 
and eliminate unsafe work practices. Accidents * 
. which are caused by such practiced ma v^ot take 
place until' a'much later date and th'^^e verity' 
cannot be predicted. The consequences may 
range from sirnple material 'failure to a m^or 
afccident resulting in seriousjrijuries or fatalities. 
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There- are Weral ^areas in whicli the shog 
supervisor , can 'effectively work to. jnininri^e 
accidents due to maintenance. Amoiig these are 
continliing jnspection^of wojk^areas,' tool?, and 
equipment, organization and" adminijjDration/of 
afety prosggms, correct interpretaticMi of safety 

• directives and' pfe'dautions, pid energetic and 

"'imaginative enforcement of them. 

II^SPECTION OF WORK AREAS, ^ 

TOOLS, AND EQUIPMENT . n 

^ Most acdcjents can be pi^vented if the full 
cooperation of personnel is gained and vigilance' 
^ exercised to eliminate unsafe acts. The super- 
visor should diligently insq^ect work areas, tools, 

^,and equ^ment ta detect potentiadiy* hazardous 
and unsafe cpn^aitions ancl take,.^.^propriate' 
corrective action* Th^ABE may be^orkhigin, 
the shop,,in^the machinery space, or on the 
fMit, deck-aU of these areas should be included 
lii the supervisor'^ inspection. He shoijfld chedk 
for explosion and inhalation hazards "^due to 

*^imp roper ventil^ion of working spaces, , or care- 
less han^liilg of mate nals. ^ ' V ^ ' 

Fire hazards present another serious problem. 
''No Smoking" rules shciul4.be strictly enforced.^ 
Spillea oil, grease, and cliemicals should be^ 
mped up pro^nptly, anjl all rags used should be 
disposed of in approved coji tainers. ^ ; ^* 

Hand tools should be in good shape^-pf tiie 
proper type, and used. only for the^pmrpose for 
which, they were designed..,, j --f 

Insure that equipment is operatdii only ^fy 
qualified personnel, and that safety .^devices and^ 
^ards a^re installed and in good coii^ition. The 

. equip'm^rit should also T^e inspected lorJ)rbken 
or damaged components* Check to^see that 
periodic maintenance, servicing, and/or calibra- 
tion are performed as reguireU. 

ORGANIZATION AND - , . 

ADMINISTRATION OF - 
SAFETY PROGRAMS , • ^ • 

. In accordanbe with the Navy policy of ^epn- 
serving manpowV and material,'all naval activi- 
ties are required tb conduct effective and Mi^tin- 
' udus accident prdventio/i programs. The ©rgani- 
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zatipn administration of a safety program 
are part of the requirements of the supervisor. 
The safety^ program must be in accordance with , . 
local instructions and based on information , 
coiitainea in official -United^ States Navy safety 
pjecaufions. .Work . methods must be adppted 
which dd.not exp,ose personnel unnecessarily to 
iiuufy or Qccupafi9nal health hazards. Instruc- 
tfons in V appropriate. safety ^precautions are re- 
quirpd and dkcipliaary action should be taken in 
cases of willful violaiions. i 

The shop safety program will gene r^Uy" in- ^ 
•volve three areas of attention-the posting of tjie * 
most important safety"* precautions m appro- 
^priate places, the. incorporation of safety lesSons 
in the formal training program, and frequent 
: 'checks for unde^rstanding during the-day-to-d^ 
supervision of work. ' , 

t^osted safety precautions are more effective if 
they may be^easily complied with. For example, 
a sign on a tool grinder reads "goggles required," 
so one^or more pairs of safety gog^es should be- 
"hanging in close proximity of the itiachine. 
'Similarly, the protective clothing poster in the 
shop sho\ifd be backed up with readily available 
aprors, ^oves, shields, etc. ' ' - 

Fixed posters and signs should .be- renewed 
^"frequently and not ^allowed t(J> become rusty, 
\ faded, or covered . mO^^ dust and dirt General 
safety posters on ^bulletin boards and other' 
. places should be rotated often So stimulate 
interest ^ • \ 

^The formal safety tramilig sessions shpuld 
utaize films, books, visual aids, or any other . 
'suitable technical jnaterial. The men should be 
told more than just what* to do or what hot to 
do. Each safety subject should be^ explained in 
detail. Causes of accidents and contributing 
factors should be reviewed and analyzed. Many 
flood ideas, for accidefit prevention have been 
developed in training sessions devoted to such 
analysis. 

An extensive series ^of lessons may .be de- * 
veloped over a period of time, as latent hazards ' 
are lecogrtized.'Tlje dramatization of the results 
of unsafe acts around catapulfe and arresting 
ge.ar is usually a very effective mbthod of 
emphasizing the danger of .such acts. This will 
aid. in keeping the sesaoxis interesting whfle 
avoiding too frequent repetition. 



It may be well to mention the new man in the 
division at this poii)t A separate safety indoctri- 
nation lesson which coveis all the major hazards 
of the work should be given to* a new' man "as 
soon as he reports for work. No supervisor will 
expose the new man to air operations without 
pointing out the dangers involved. 

In the third area of*safety program adminis- 
tration,' followup., the supervisor will do well to 
delegate mithonty to his subordinate "petty 
'pfficers to assist him in monitoring the program. 
Also included in the followup area is ^the 
responsibility of th^ supervisor to inquire as 
quickly a^id thoroughly -as possible into the 
circumstances of accidents and reports of unsafe 
practices*., followed by * appropriate action to 
correct any deficiencies uncovered. 

TECHNICALPUBLICATIONS 

.Teclmical publications used by ABE's in the 
operation, inspection, and maintenance of all 
launching, recovery, aijd related equipment are 
published in two forms-manual, type publica- 
^tions and. letter type publications. It is extreme- 
ly .important that, senior ABE*s know how to 
supervise the use, filing, and maintenance ot 
these publications. ^ - , 

LETTERTPifE- — 

The, letter type technical publications of 
interest ',and of prime cOhcem to the ABE are 
Launching Bulletins, Recovery Bulletins, Service ' 
Changes, Service Bulletin^, Catapult Repair ?to 
cedures, and Recovery Equipment Repair ProCe^ 
dures. These publications are prepared by NAEC 
(SI)^ Philadelphia\ and subsequently distributed 
by Naval Air Systems Command (NavAir- 
SysCom) to all ships, stations, and units having 
need* for them- A list of those bulletins and 
changes in 'force is provided in_ the .Ships 
Installations section of letter publications in the' 
most recent issue of NavSup' Publication 2005, 
Section VIII;, ParttX 

In addition, TypeSCpmmanders issue Aircraft 
punching and RecoV)^"ry Bulletins. These bulle- 
tins set forth increased maintenance/operations 
procedures: They are issued *as a result of an 
accident/incident, covering/ areas not clearly 
defined in operation/mainten^ce manuals. \ 
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In short, ■'there are applicable letter type 
technical publicatii>ns concerning all aspects of 
the equipment related to ABE's. Every effort 
shouM.be made by the supervisor to acquire and 
maintSn a- complete' and up-to-date file of these 
publications concerning the equipment under his 
cognizance. ' ' • * • 

Descriptions and illustrations of the Various 
letter type publications -of interest to the ABE 
"S^' are presented on the following pages. 

Recovery Bulletms ' * ^ ' . 

Recovery bulletins are published to fuipish 
the governing instructions for recovering air^ 
craft* All arresting gear officers must be 
thoroughly familiar with the contents of all 
recovery bulletins pertaining *fo their particular^ 
equipment Senior ABE's should also be familiar 
with the infoqpation found in recovery bulle- 
tins. There are recovery bulletins covering land- 
ing operations with Mark 7 Mod 1, 2, and 3 
arrestiijg gear, and also bulletins that give in- 
structions for operations using the Fresnel Lens 
Optical Landing System or the Manually Oper- 
ated Visual Landing Aid Systfni (MOVLAS).^ 

Some of the information found in recovery 
bulletins for shipboard arresting gear is listed 
below ..(See fig 3-L) Thei^ample aircraft bulle- 
tin shown in the figure is an actual Mark 7 Mod 
1^ aircraft recovery bulletin, and is included in 
this manual for training purposes only. During 
recovery operations, refer only to the current 
recovery bulletin that is applicable to the equip- 
ment being used. Data of the following type can 
' be obtained. 

1 Aircra&'model, see column 1 df figure 3-1. 

2 Actual*^craft landing weight in pounds. 

3, Rpcommended airspeed of the ^p- 
proaching .aircrjifi in knots. (Note that the 
recommended. approa^ch airspeed is different for 
the same aircr^ft^at different weigh ts^ 

4. Columns 4 and' 5 show the maximum 
engaging speeds of aircraft .and the recoith 
mended recovery headwind (RHW) for the 
speeds in column 3 when operating with a 
4*0-tfegree glide slope setting. 

5 Columns 6 and 7 provide the same in for- * 
mation as columhs''4 and 5* for operations when 
a 3.5-degree glide slope setting is used. 



NOTE: The maximum engaging- spee'ds in 
columns 4 and 6 are for deck pendant arrest- 
ments; colun% 8 gives the maximum engaging 
^ speeds for barricade arrestments. 

6. Arresting;engin*e control valve settings for 
pendant and barricade engines. * 

7. Special -conditions. What action is to' be 
taken when an adverse condition arises. 



.., ■ . /; ■■ . ■ • 

Aircraft Launching^BuIletins 

* .# « 

^e puipose of the Aircraft Launching Bulle-. 
tin is. to set forth uniform instructions for/ 
laundiing with* safety within the performance 
capability of the aircraft and the catapults. The 
bulletm establishes tiie MINIMUM conditions 
, which must exist prior to. the ^launch. These 
conditions enable operational commanders to 
know the ultimate capability of the launch, and 
to p'fovide^ a measure of safety involved in 
launches made above minimum conditions. Ev- 
ery known precaution has been included. To 
^insure additional safety, operations should ^ 
ways be conducted above^^ minimum conditions 
whenever ppssibie. 

^rcraft launching bulletins contain the gov- 
erning instructii)ns. for launching specified air- 
craft from specified catapults. An aircraft 
launching bulletin does ^not authorize the 
launching of aircraft, but sets forth the mini- 
mtfm conditions under which the aircraft can be 
launched when authorization is received.^ Au- 
thority to launch and other restrictions for 
launching aircraft are found in the applicable 
flight manuals. Adherence to the provisions of 
both aircraft launching bulletins and flighf^iaB^ 
uals is mandatory fo^ safety of operations, and 
an activ^ must consult bottf documents pri^ 
to commencement of aircraft launching 

A numbering system is used..4aJdentify 
aircraft launching bulletins. Somepircraft 
launching bulletins pertain to a specific type 
catapult or type catapult and ship. The number 
preceding the dash is the type catapult designa- 
tor. For example, an aircraft launching bulletin 
the^deYitification number 6^ 13. pertains fo 
almost all C-11-1 catapults; exceptions are the 
few that differ in operation from all other 
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' ::. . Aircraft engaging speed limits 

MARK 7 MOD I ARRESTING GEAR 95' SPAN WiTH OPERATING DECK SHEAVE DAMPERS 


TYPEOFARRESTMIHT 


DECKPEHDAHT BARRICADE 


eUDE SLOPE smiHG . 


4.0 DEGREES 


3.5 DEGREES 


KAXIMUf . 
KUIttlBU 
KMGACtNO >rtZS 

AKS AiiotArr 
caocs fziocT 


AIlCtlFT 


" ' AClVAt ^ 
AIKXATT 
LAXOINO 
fZIQKT 
<KIJKS«) 


AmOAOl 

Ainms 

(WOT*) 


MAimiH « 

(KXOTSI ^ 


DfiMUl 
iicciiiwDn) 
sntM 
>r ccuMf X 


ERSASIN6 1 
SPECS 
(KNOTS) ' 


lINllUf Jt» 

rox tniM 
$7 couMt s 1 


COL. 1 




ca. 3 


COL. 4 


C»L. 5 , 


OOL. 6 


OOC. 7 


COL. 8 


A-3 Series 


Up to 47,900. 
47,100-50,000 


128 
132 


110(0 

ll(f(CE) 


18 
22 


111(D) » 
110(E) ■ 


17 

* 22 


100 ksoU 

ap to 
50,000 lb 


A-4 8orle« 


Up td 12,000 
12,100-13,750 
13)800-14,500 


120 1 
127 1 
130 1 


109(B) 
114(A) 
113(A9 


■ 11* 
13 
17 


109(B) 
114(A) 
113(A]) 


11 
13 

J17 


iq5ki»U 

up to 
14,500 lb 
(P 


SA-$C 


Up to 47 ,000 

M99 \ AA * A AAA 

47,100-60,000 


143<T) 

it 

148(1) 


105(10 
105(AJ) 


38 
43 


105(R) 


,38 
43 




T^.FUp«/BUU 


Up to 90,000 
30,100-33,500 

«AA_4A A<1 

33yO00-9o,wl 


109 1 
115 

120 1 


88(y 


21* 
27 
,28 


88(y 

88(P 
94(A'X) ^ 


^21 
>27 
26 


105 kDoU 

up to 
33,000 lb 


A-7 8«rle« 

• 


Up to 25,300 


135 


125(C) 


10 


125(Dr, ' 


'10 


" 110 knoU- 
up to 
25,300 lb ^ 
.\ »' 1. 


C-iA 8«riM 


"Up to 24^200 


^93 


85(A) 


8' 




3 


85 kDoU 
up to 
23,500 D) 


C-2A 


Up to 40,000 
40,100-48,000 


93" " 
105 • 


74(K) 
81(A) 


19 
24 


81(A) 


,19 
:24 ^ 


(Q 


K 

E-IB 


Up to^8,200 


95(G) 


82(A) 


13 


t 

82(A) 


.13 


85 laxU 
^ up to 
, 24.700 rb 




U:pjto3ft. 000 
39,iPO-il«20C 


95 
99 


74(U) 
74(A). 


21 
Z5 


74(U) 
74(A) 


Zl 
25 


•(Q 




Up to 34»000 
34400-38,000 


140 
148 


102 (U) 
108 (MO) 


38 

" 42 ^ 


102 (M) 
108(U0) 


•42 


lOfkDoti 

up to 
33.000 D) 


with AFC-218 


Up to 34»000 
M,l00-38»000 


131 
139 


102 (M) 
108(MO) 


.29 

' 33 


102 (M) 
108(MO) 


t 

33 


lOSkaoti 

up to 
33,00a lb ' 


A*^ Seriec 
NOFtAPS/ 
NO'aiATS • 


Up to 28, 000 
28,100-^,OOC 


133 
138 


88(B) 
88(B) 


48* 
50 


88(B) 
88(B) 


46 

' 60 ^ 


106 knots' 

. op to 
33,000 rb 


A-7 SerlM 
FLAPS UP 


r Up to 26.300 


184 


126(P) 


39 


126(D) 

A ^ 


1 39 


llOfcnoti 

up to 
23,300 0) • 


7^*8 S«rlei 
< WIKG 

IKCIDEKCE 


Up to 19,000 
19, 100-22, OOC 
22«100-24,^ 


154 
\ 184 
) 171 


|S3 


37 
, '39 
45 


in«3) 

.125^3) • 
X28(DH) 


. 37^ 
.39-' 
* 46 


116 knotf 
op^o 
' 22,000 0) 



Figure 3-1.-Aircraft Recovery Bulietinl 
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Key to figure 3-1. 



iAf Maximum engaging speed limited by aircraft arrestinrg hook strength. 

(B) Maximum engaging speed limited by aircraft limit horizontal drag load factor (mass item linrit "G")« 

(C) Maximum engaging speed limited by aircraft landing gear strength. 

(D) Maximum enga^ng speed limited<by arr^ng gear capacity. ^ 

(E) Emergencyrecovery of aircraft vvfthtnisge^r not rec^ 

(F) Recommended approach speed based onj^O degree flap setting. For 50 degree flap setting subtract 5 krtots from 
recommei^ed a^Sproach speed and minimum recovery headwind. ' ^ - - ' ' 

(G) Single engine approach speed has been jecommended to maintain control and provide wave-off capability in the 
event of engine failure during ^e approa9h. However, normal twin engine approach airspeeds specified in NATOPS 
M^ual are permitted when operational commitments demand 

(H) Maximum eggaging speed based on a cot^trof valve singl^weight setting. Maximum permissible engaging speed is 
104 knots up to 28,000 pounds and IQp knots up to 30,000 pounds when control valve is set to actiiai aircraft 
gross landing wel£^t ' 

(i) Incorporation of ASC No. 191 is mandatory for models A-4B/--4C for gross weights between 13,750 and 14,500 

pounds. . ' ^ * 

(J)' Incorpipratlon o1:complete AFC No. 117^^^fifkndatory for maximum arrested weight of 50,000 pounds* 
(K) Maximum engaging sp^ based on a comrof valve single weight getting. Maximum permissible engaging speed is 89 
^ knots when control valve is set to actuar^ijrcraft gross landing weight 

(L) Maximum engaging speed based on a c(^trol yafve sing[^ wei^t setting. Maximum permissible engaging speed is 

100 knots up to 30,000 pounds and 93 knots up to 33,500 pounds when control vafve is set to actual aircraft gross. 

landing wei^t . , , ^ 

(M) Maximum engaging speed based on a control valve single weight setting. Maximum permissible engaging speed is 

118 knots up to 34,000 pounds and tlO knots up to 38,000 pounds when control vafve is set to actuaj aircraft 

gross landing weight 

(N) For F*8D/E with ASC No. 439, and F-8K/L, tfje maximum arrested landing weight is 22,500 pounds* The 
maximum arrested landing weight for the F^-SJ with %LC off and the F*8H is 24,000 pounds. 

(O) Total fuselage fuel for carrier arrested landings shall^jiot exceed 5,100 pounds. AFC No* 230 must be incorporated 
for arrested landings«bcve 34,000 pounds. ] ' 

(P) Maximum orr^sted landing weight for alrctaft yvjthout wrng tanks with full internal and no tip tank fuel b 11,174 
pounds. ^ircl!»^with wing tanlcs witn^^ful! intemaf^fuel and no tip tank fuel, the maximum arrested wei^t rs 
• 12,000 pounds. \ j ^^^^ . . • 

(Q) Barricade clearance recommended only if wing pylons |ire insta^^ 

(R) Maximum engaging speed based on a control vaf/e single weight setting. Maximum permissible engaging speed is 

109 knots when controfvdh^e is setvtoa6tualairci^(nross landing vveight , , 
(S) Maximum engaging speed based on a control vafve single weight setting. Maximum permissible engaging speed is 

128 knots when control vafve is set to actual aircraft gross landing weight ' ^ ^ < 

(T) A-6A/B, KA*6E^ust have AFC 244 incorporated for arrested landing weights above 33',500 pounds. 
(U) Mftximum engaging speed based on a control vafve single weight setting. Maximum permissible engaging speed is 78 

^nbts when controfyalve ts set -to actual ^rcrjaft gross landing weight 1^ j(i 

(V) Maximum engaging speed based on a coni^^ valve single weight setting. Maximum permissible engaging speed is 85 

knots when control vafve is set to actual aircraft gross landing wdght ^ 
NOTE: When operations permit,, recommend, ten (10) knots be added to RHW in columns 5 and 7. To 
compensate for a hot day (90 degrees), varia^'on in WOD velocity and direction, pilot tedinique, approach 
speeds, turbulence^ and to minimize loads on tt^ aircraft and/or arresting gear. ' . 
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C-11-1 catapults. As an example, the C-11-.1 
catapults installed aboard U.S.S. Ticonderoga 
CVA-14, and U.S.S. Hancock CVA-19, are 
equipped with the wet accumulator system. The 
launching bulletins that pert^^ to the C-IM 
catapults aboard these two ships have a 10 
preceding the -dash. Aircraft launching bulletin 
>.13 pertauis to many, but not all, C-lS type, 
catapults. • ^ 

Launching bulletins that are applicable to all 
types of catapults be^n with,j:ero dash (0-). The 
zero dash is followed, by a two-digit number 
which identifies the subject matter of the 
pubHcation. The subject matter identification 
number is the, same for all catapults. The' 
information contained in the.O- aircraft laufichr 
ing bulletins is listed below. _ ^ ^ 

1. (-10) Gea^eral data on preparation' and use 
of aircjaft launbhing.bullefins for all catapults: 

2. (-11) A status bulletin that provides a list 

' of aircraft launching biiUetins in effect, sqper- i 
seded, or canceled. Also, makes changes^ to the 
-12 acc^cry bulletin. The -11 bulletin is issued 
monthly. . ^ 

3. '(-12) Provides a list of Aircraft launching 
accessdries required for ail aircraft Any changes 
that arise prior to revision to the -12% bulletin 
win be found in the -1 1 bulletin. 

4. (-13) Provides data used in the preparation 
of aircraft launching bulletins for all aircraft 

. .5. (-14) Provides data used for operatic^, of 
, steam catapults with reduce.d receiver volume. 

6. (-15) Provides inform'atiori pertaining to 
preparation, philosophy, and use of the data for 

, * cross-wind operations. 

7. (-16 through -20) , are reserved for issuance 
of special x>r general launchi^gjnstfactions. 

8. (-21 and subsequent) contain inf 01711 ation 
.for launching specific aircraft 

The MINIMUM takeoff airspeed for launching 
is determined by the Flight Test Division of the 
Naval Air Tfest Center whilb conducting the 
carrier suitability portion o'f the Board of 
Inspection and Survey Trials, The minimum is 
de^temuned for- the selectf d configurations by 
successive launches with 4pcr^asmg airspeeds 
until a limit is approached or reached. This 
minimum takeoff aiispeed may he limited by 
aerodyndhiiQ stall, excess thrusj/available fpr 
acceleration after launch, loss m aileron, eleva- 
tor, or rudder control, time required to rotate to 



flying attitude after launch, control effectiveness 
and pitfching rates resulting in accelerated stall; 
overly stringent pilot technique required;^ or 
stick forces or movements beyond limit$ in 
event of failure of an air-craft system. Further, 
the. minimum takeoff airsp^d is reduced to a 
standard 59°F day and is established with the 
following conditions existing at- the time of 
Jaunch;. 

1. Deck steady. 

2. tVind-over-deck steady and from dead 
ahead of catapult in use." 

3. Sea calm. \ - | 
o4. Catapult performance normal. 

5. Operation unhurried. 
r 6. SkiUed pilot qualified in type. 
' 7. Engine delive?;ing fall takeoff power. 
^: Maintenance condition of aircraft excel- » 
lent 

9. Immediate clearing turns not attempted. 
10. Pilot trained in minimum techniques and 
mentally prepared for minimum launch. 

1 1 Accurate aircraft weight known. 
12^;JVind-over-deck measuring device yielding, 
accurate indications. , • * 

13, Highly trained personnel available to im- 
mediately advise on any and all phases of the ^ 
operation. 

" J 4. Prediction of aircraft performance under 
atmospheric conditions existing for the test> . ^ 
15. Aircraft spotted on center., , , 

Restrictions are necessary ^yhen launching 
certain critical aircraft from wais"t catapults. The 
applicable Aircraft Launching BuUetins specify 
these restrictions. The factors which cause these 
restrictions are the proximity of ships structure 
ahead*of the waist catapults, the airflow discon- 
tinuity caused by .ship's ^tri^cture, sink off the 
flight deck, and the possibility of overrotating 
and damaging the tail due to^ the fact that the 
waist catapult l|as more deck ^ead of it th^an 
the bow catapult Due to these factors the 
minimum takeoff, ^lirspeed required must be 
higher for waist d^tapults than bow catapults 
when launching the critical airqraft 

For the critical dircraft, the offcenter spotting 
limits are more .restricted for \^^aist catapults 
than for bow catapults. The^combinatioh of 
postlaunch oscillations and proximity of ships 
structure may be hazardous. This off-Gen%' 
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limit for waist catapults is indicate^ in the 
applicable Aixpraft Launching Bulletin; . 

The Aircraft Launching Bulletin is established 
on the basis of the best performance that should 
be anticipated under essentially ideal conditions. 
The maigin that miist be provided to maintain 
this minimum degree of safety, under other than 
ideal conditions, can only be' determined by 
weighing all of the factors.invblved in light of 
the environment existing just before the launch.. 

The operation commander is logically respon- 
sible for the degree of safety^ involved in a 
launch, since this is the one coir^^nd to which 
all the required informfa^^^is immediately 
available. • i * . 

The figures in the oi)erating bulletins provide 
tables * of minimum wind requirements as a 
functiori of accumulator launchfeg pressure and 
aircraft gross^ weight Values in the tables which 
are preceded by a minus sign indicate that the 
catapult end speed ,of the aircraft (catapult 
dead-load end speed plus speed due to aircraft 
thrust) is that many knots in excess of the 
minimum required aircraft takeoff airspeed, 
(Total excess airspeed is this value (withoitt 
minus sign)^plus actual WOD from dead ahead.) ' 

Some of the points that must be kept in mind 
when using Aircraft Launching Bulletins and 
when launching aircraft are: . » 

1. Selection of the Launching Pressure. The 
table in the operating bulletin is normally 
entered with the a'TQraft gross weight and wind 
available from which data the minimum launch- 
ing pressure is detenninerf. If actual gross wei^t 

*is between the values shown in the table, use the 
next higher gross weight value in the tabl^. The 
maximum launching pressure is that vahie for 
which a minimum wind is shown in the gross 
weight column. A single launching pressure^ 
which falls within the acceptable range for each 
type, may be selected for several different typ.es 
of aircraft 

2. Aircraft Strength Requirements. At a 
^en gross weight, th^ ahxraft and penrfant or 
bridle have adequate strength ifor catapulting at 
any accumulator launching pressure for which a 
minimum wind requirement is shown. 

3. Minimum Wind Requirements. The mini- 
mum wind data listed are the results of Naval 
Air Test Center and shipboard tests and are 
considered to be safe minimums for well-quali- 



fled pilots. HOWEVER, IT IS RECOMMENDED 
. THAT WHENEVER PRACTICABLE, WIND IN 
EXCESS OF THAT LISTED BE USED AS 
SAFETY PRECAUTION-the maximum excess 
air speeds along with the recommended excess 
air speeds ai^ listed in individual aircraft launchr 
ing bulletins. Minimum takeoff airspeeds on 
which this bulletin is based are listed in the 
operating buHetin figures. 

4. Signals*. Know the routine exchange of 
^gnals. The catapult officer must stand at the 

ctKect station on the deck to enable the pilots 
to clearly see the catapult officer's signals. 

5. Headrest The headrest should be^ used 
when catapulting. An uncomfortable neck jeric, 
possibly producing temporary loss of control, 
results if the head is not held firmly against the 
headrest during the launching run. , 

*6. Aircraft Equipment Looseness of the 
throttle and similar controls must be avoided by 
^ a check of adjustments to ascertain that they are 
sufficiently stiff to prevent easing back during 
launching. 

7. The wind-over-deck from, dead ahead 
available for any given launching condition must 
be equal to or greater than the minimum 
requirements for that condition listed in the 
figures. 

8. LAUNCHING THE AIRCRAFT UNDER 
CONDITIONS FOR WHICH /^MINIMUM 
WIND REQUIREMENT IS NOT' SHOWN. IN 
THE FIGURES MAY RESULT IN DAMAGE 
TO THE AIRCRAFT OR CATAPULT MA- 
CHINERY OK BOTH; AND IS PROHIBITED. 

9. Horizontal jshuttle tensioning is to be as 
required by launching bulletin. 

' lOs Cataj^ult HobkJtaspectioiL After aircraft 
is tensioned on the catapult, examine the air 
craft catapult^ hook or hooks and shuttle tow 
hook to insure .proper seating of the launching 
pendant or bridle. EXTREME PRECAUTIONS 
MUST BE TAKEN AT ALL TIMES. 

1 1. Aircraft Arresting HooL Prior to launch- 
ing aircraft, check the arresting hook to insure 
that it is securely/ locked* 

12. CONSULT , APPLICABLE CATAPULT 
BULLETINS FOR LIMIT^LAUNCHING PRES- 
SURES WHICH AFFORD RUNAWAY SHOT 
PROTECTION. . ^ 

i ' . s Jo 
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13. MAINTAIN CATAPULT CYLINDER \ 
ELONGATION IN ACCORDANCE WITH CUR- 
RENT OPERATP^G INSTRUCTIOI^S 

Figure 3-2 shows a typical Aircrrft Lauhching 
^BuUetiri (C13). 

With figure 3-2 as an example, the following 
problem shows how a launching bulletin is used 
to set up launchmg pressures for aircraft of a 
certain weight and a known wind over the deck: 
1. Optimum Condition and Qualifications. 
Gross weight 22,000 pounds, WOD 25 knots. 

Recommended use of 180- to 200-psi accu- 
mulator launching pressure. At 22,000 pounds, 
the end speed \vould then be 11 to 16 knots 
above minimum takeoff airspeed required. 

2^ Limit Excess Airspeed Condition. Gross 
weight ^3,000 pounds, WOD available 35 knots. 
The maximum allowable e^ccess airspeed for this 
example is 30 knots. 

A launch could be made at an accumulator 
launching pressure of 240 psi. The excess air- 
speed would. then be 30 knots (35 kfiots WG(D 
available minos 5 knots WOD required) which is 
the maximxim allowable Cor this aircraft Rec-^ 
ommend the use of 160 to 180 psi which would 
result in 9 to 15 knots excess airspeed. 

3. Optimum Condition \yith Temperature 
Correction. Gross weight 21,000 pounds, WOD 
available 35 knots, temperature 89"* F. 

a. Aircraft thrust not critical. 
* . b. Temperature correction due to air densi- 
ty is that for each 10°F above, standard free air 
temperature of 59°F, the minimum WOD should 
be increased 1 knot " * - ^ 

Recommend the use of 140 to 160 psi. At * 
21,000 pounds the excess end airspeed appears 
to be 14 to 20 knots, rfowever, 3 knots are 
needed f^r temperature correction, therefore the 
excess airspeed is 1 1 to 17 knots. 

With thrust critical, full flaps down, the 
typical thrust correction due to temperature is 
as follows: 

. For launches witii flaps in FULL DOWN 
, position, the following correction is added to 
the WOD requirements of figure 3-2: 

GROSS WEIGHT CORRECTION 



Catapulting of the subject aircraft is limited , 
by the following condition: 



GROSS WPGHT- 
' (lb) 

'21,000 - 



TEMPERATURE, 
90 



(lb) 
21,000 



1 knot for each * 
degree above 75® F 



Temperature is below ^C^F for the *^ven- 
weight; therefore, the launch is permissible. 
Recommend ^tiie use of 180 to 200 psi. At 
21,000 pounds the exgess end airspeed appears 
tp l)e 26 to 3 1 knots. However, 3 knots are 
needed for temperature^correction due to air 
density, -and 14 knots are needed for thrust 
corrections due to temperature; therefore, the 
excess airspeed is 9 to 14 knots. 

4, Optimum Launch for Minus Wind Condi- 
tion. Gro^s weight 22,00? pounds, WOD li- 
able 5 knots. • 
^ Recommend the use of 260 to 280 psi. At 
22,000 pounds the minimum takecrff airspeed 
required is -5 to -9; thepfore, ^e. excess 
airspeed is 10 to 14 knots. 



Recovery and Launching 
Equipment Service Biilletins 
and Repair Procedures 

The purpose of these publications is to 
provide pertinent information concerning the 
operation, malfunctioning, and checking of -a 
certain gear or component Tliey are issued by 
NavAirSysCom in series for each type pf cata- 
pult They result from investigations and'experi- 
ments conducted by flee| units, test sites, and 
development projects at the^ Naval Air Engineer- 
ing Center test units. Whenever discrepancies of 
unsafe conditions are found during operations, a 
service bulletin is published. 

A service bulletin contains the following 
information: ^ 

1. TTie identity of the type of equipment to 
which the bulletin pertains^ . , 

2* The purpose, and reason' 7or information 
contained in the bulletin. 

3. The method of remedying such malfunc- 
tions, including precautions** that ,should-be 
observed. 
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Figure 3-Z— Aircraft Launching Bulletin. 



ip/ormation as which type catapult accessory is 
to be modified, for-example, bow bridle. arrest- 
ers, waist bridle arresters,; and changes to be 
made to the nose gear launch equipment. A' 
catapult deck g^ and accessories change in 
forms the personnel concerned as to who will 
make the change.' If the change is within the 
uipability of the ship's force, it is so stated, and 
if it must be made by a shipyard at the next 

, yard availability, this is noted. 

The purpose of the catapult deck gear and 
accessories bulletins is to make available to all 
hands concerned correct procedures for the 
hookup of the different* bridle and pendant 
arrester lanyards. The lanyard hookup will vary 
for each type aircraft, necessitating a specific 
bulletin for all the current carrier aircraft There 
are bulletins issued for different holdback secur- 
ing assemblies if they are deemed necessary. 
Special information, whether it is for bridle 
arresters or for nose gear launch equipment is 
issued' Safety precautions, securing instructions, 
and any new or additional information that is 
not yet published in the applicable handbook 
for that specific type pf equipment are made 

• available through catapult and deck gear acces- 
sories bulletins. 



'4. Informatipn as to when to comply with 
the procedure outlined in the bulletin. 

5. Any special information that may be 
needed. - ^ - - 

These bulletins are sent to'all'applicable ships, 
stations, and units. 

Catapult Deck Gear and Accessories 
BuDetnis and Changes 

Catapult deck gear and accessories bulletins 
and ch^ges are issued in the same Aianner as the 
cat^pdlt aild arresting gear bulletins and changes. 
Tliere is a status bulletin issued that lists. all the 
bulletins and changes that have been issued and 
the' ones that are still in effect. It is identified by 
the calendar year pieceded by a "0.** Examples 
of status bulletins would be 0-72, 0-7S, etc., for 
the years 1972,. 1973, etc. 

Changes furnish information for the modifica- 
tion of existing machinery, IncluSed will be such 



Recovery and Launching 
Equipment Service Changes * 

Experimentation at the test center and experi- 
ence in the field often make it necessary to 
make changes to recovery and launching equip- 
ment NAEC (SI) directs and provides the 
necessary information for effecting these 
changes to the concerned acuities, and the 
service changes are published by NavAirSysCom. 
Included in each service change is^uch informa- 
tion *as the fallowing: 

1. Type and model of equipment to which, 
the change, applies. 

2. Reason for making the change. 

3. Information applicable to the change. 

4. When the change is to be accomplished. 

5. Who- is to make the change-ship's force 
or shipyard persorjnel. 

6. Description and installation instructions. 

7. Source of necessary parts. 

8. Distribution of technical drawings. 
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9. Disposition of materials or parts removed 
in effecting change. 

10. Weight and, moment change information. 

1 1. ' Change record. 
•12. Acknowledgement 

13. Address for corresponj^ence. 

Instructions and Notices 

The Navy Directives System is used through- 
out the Navy for the issuance of nontechnical 
directive type releases. These directives may e 
establish policy, organizatioii, methods, or pro; 
cedures. They may require SSi^n to be taken or 
contam information affecting operations or ad-, 
ministration. This system provides a uniform 
plan for issuing and mairftaihing directives. 
Conformance to the system is required of all 
bureaus, offices, activities, and commands of the 
Navy. Two types of releases are authorized 
under the pla^i -Instructions and Notices. ^ 

Infonnation pertaining to action of a continu- 
ing nature is contained in ^Instructions. An 
Instruction has permanent reference value and is 
effective until the originator supersedes or can- 
cels it Notices contain information pertaining to 
action of a one-time nature. A Nbtice does not 
have permanent reference value and contain^ 
provisions for its own cancellation. 

For purposes of identification and accurate 
filing, all directives can be regognized by tl/e 
originator's abbreviation, the type of release 
(whether an Instruction or Notice), a subject 
classiflcation number; and, in the case of in- 
structions only, a consecutive number. Because 
of their temporary nature, the consecutive num- 
ber is not assigned to^otices This information 
is assigned by the onginator^^d is placed on 
each page of the directive. 

ABE's' will be most concerned with NavAir-> 
SysCom Instructions and Notices. These are 
issued to aviation commands and concern air- 
^ craft or aviation-equipment 

' MANUAL TYPE 

The technical manual type publication makes 
available' information necessary for the proper 
operation and maintenance * of the particular 
equipment about which it js written, and also 



gives the applicable safety precautions. This type 
publication serves a reference for operating, 
maintaining, and correctmgihe malfunctions of 
the equipment, it also serves as a textbook for- 
studying optimum operation and maintenance 
procedures which have been established by past 
experiments and experiences- 

New and recently revised manuals do itot 
contain detailed descriptions or procedures con- 
cerning preventive mainten^ce since this infor- 
mation is now contained on MRC's. 

Technical manuals do contain the following* 

1. Description of ^quipm|Qt 

2. Theory of operation. 

3. Troubleshooting techmques. 

4. Corrective maintenance informatibn. 

5. Specific safety requirements. 

6. Parts breakdown and irumbeis. 

7. Sketches, diagrams, schematic, operating 
and design ^limits, etc. 

All nianual type publication!? pertaining to^^ 
catapults and arresting gear and associated 
equipreent are assigned a code numtj^r G^avAir 
51 series) and listed in th% Navy Stock List of 
Forms and Publications,. NavSup 2002, Section 
VIII, Part C, when -available for issue/ (This 
stock list (index) is discuss^ in more detail later 
in this chapter.) * 

Listed below are some "examples of manual 
type publications of interest to the ABE. 

NavAir -Sl-lSABB-l, Ogerating Instructions, 
C- 13 Catapult . , 7 - 

NavAir 51-15ABB-2, M#ntenance and Over- 
haul Instructions, 'C-13 Catsuit 

Nav^r 51-15ABB-3, Illustrated Parts Break- 
down, C- 13 Catapult :^ 

NavAir 51-5BAA-1, Operation, Maintenance, 
and Overhaul Instructions with Illustrated s Parts 
Breakdown, Mark 7 Mod Aircraft Recovery . 
Equipment , * : . 

NavAir 51-25-7, Operation, Maintenance, and* 
Overhaul Instructions wkh Illustrated Parts 
Breakdown, Mark 1 Nose^CS^ar Launch Equip- 
riient ' - ^ ' 

Iirtl\e above list of manuals, it will be noted 
that Siere are three* sepaiate manuals lor the 
C-13 Catapult, while only one for the Mark 7 
Mod 1 Arresting Gear. The^e is also only" one for 
Mark 1 Nose * Gear Launch Equipment. TTie 
determining factor i^ generally the complexity 
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pf the equipment -the more complex the item, 
the more manu^s required. 

PUBLICATIONS INDEX 
(NAVSUP 2002)\ 

NavSup Publication 2002 is a 13-section 
index of all the forms and publications used 
throughout the Navy.\>f the 13 sections, the ^ 
ABE is most concemed \«ith sections VI and 
VIIL All required publicati^^h^^^t these two 
sections list are issued directly to new vessels 
about 6 months prior to commissioning. Re- 
quests for commissioning allowances should not 
be submitted unless the piiblications are desired 
at a date earlier than automatic distribution will 
satisfy, or unless they have not been received a. 
month before the commissioning date. 

Section VI (NavShips Publications) 
« 

Section Vl of NavSup Publication 2002 is a 
basic list of dl Naval Ship Systems Command 
Publications. This section is fbrther subdivided 
into six parts- A, B, C,'D, E, and F. Parts A, B, 
C, and. F are of little interest to ABE's because 
they contain lists of publications that are of 
primary interest to other departments and divi- 
sions, of the ship. 

, The ABE is primarily interested in parts D 
and E o*f section VI which lists' all NavShips 
manufacture^rs* technical manuals- In part D, all 
publications are listed in numerical order accord- 
ing to stock number. Part E lists the same 
publications in vdphabetical order according to 
title/nomenclature. 

Section VIA (NayAir Publications) 

Section VIII of NavSup Publication 2002 is a 
basic index of the Naval Air Systems Command 
publications and contains ^ numerical listing of 
all aeronautical publications .by code number, 
title, security clas§ifitation, and the date of the 
latest issue. • . . 

Section VIII of the index is further sub- 1 
divided into four parts- A, B, C, and D. Part C is 
the numerical listing of manual type, publica- 
tions, and Part D contains listings of letter type 
publications. (Parts A and B contain listings o^ 



ordnance publications ^d are of no interest to 
the ABE.) 



Part C of the index (manual typ^/publica- 
tions) is divided into subject matter groups, and , 
all, publications within a g-oup are then listed in 
numerical order according to cdde number. For 
example,, all manuals in the^OO series (Aircraft, 
General) are listed first then followed by the 01, 
02> 03, etc., through the 51 series (Ships 
Installations). All catapults and recovery equip- 
ment manuals are listed under the 51 series by 
code number, federal stock number, tifle, and 
date of issue. (A complete listing of the various 
subject groups is given in the front of the index.) 

Part D of tiie index (letter type publications) 
is further divided into a number of subsections, 
one of which is tiUed Ships Installations. The 
Ships Installations section is further divided into 
the following subject matter groups: Landing 
Aids, Arresting Gear, Catapults, and Aircraft 
Launching. All letter type directives of interest 
to the ABE are listed under the applicable 
subject matter group by tode number, tifle, and 
date of issue. ' 



PROCUREMENT OF PUBLICATIONS 

Manual type publications may be obtained by 
properly preparing and submitting DOD Single 
line Item Requisition System Document (DD 
Form 1348 or 1348m} to the nearest supply 
point (indicated on the inside front cover of 
NavSup Publication 2002, Section VIII, Part C). 
list the publications code number, Vederal stock 
number, and tifle of each manual desired. 

Letter^ type publications should be ordered 
using DD Form 1149, in accordance with the 
instructyms given on the cover page of NavSup 
2002, Section VIII, PartD/ 

Requests to be placed on the mailing list for 
NavSup 2002, Section VIII, Parts C and D, and 
supplements should be submitted to NATSF, 
700 Robbins Avenue, Philadelphia, Pennsylvania 
191 U. NavSup 2{j02 is revised and^ reissued 
semiannually. During the interval between is- 
sues, supplements are issued containing Ifetings 
of publications distributed or canceled since the 
last issue. 
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MAINTENAN(± AND HLING 
OF PUBLICATIONS ' 

There are four mandatory requirements to be 
met in maintaining an allowance of publications. ^ 
These requirements are as follows; 

1. That the prescribed publications be on 
•boanl; 

2. That the publication be corrected up-to- 
date. 

3. that they be ready for immediate use. 

4. That applicable security provisions be ob- 
served. • 

Changes to publications are issued either in 
the form of .looseleaf pages, pen-and-ink 
changes, or complete revisions. When changes 
are issued in flie form of numbered pages, the 
old page with the corresponding number rs 
removed and the new replacement page inserted 
in its place. Specific instructions are normally 
given with each change on the method to bd 
used in incorporating the change. Changes 
should be made immediately upon receipt 

A checklist of pages that are to remain in the 
publication after the, change has been incor- 
porated is provided with changes issued for some 
pubbcations. This checklist should be compared 
against pages remaining in the publication to 
insure they agree. Extra pages are removed and. 
missing pages ordered to bring the publication 
up to date. Obsolete pages removett should be * 
^cured together and retained until the next 
change is received. Sometimes the wrong pages 
are removed from a publication when a change Is 
entered and the error is not discovered, even 
with the ' checklist, until the next change is . 
entered. - ' ^ 

When pen-and-ink changes are made, . the 
change number and date should be entered with 
'each change for future reference. Sometimes it is 
convenient to cut out pen-and-ink changes and 
insert them in their proper place in a publication 
by fastening them with transparent tape or glue. 
A complete file of manuals, bulletins, changes, 
♦ and repair procedures is maintained in looseleaf 
bmders aboard ship for the catapult machinery 
and arresting gear. Letter type directives should 
^ be filed numerically in binders with the newest 
bulletin or change filed on top. This means that 
as the binder is ppeped, the latest publication is 
alvirays ^he first one. An annual status bulletin is 



issued, listing ali bulletins and changes currently 
in effect. 

, LOGS AND REPORTS 

It 'is necessary that catapult and recovery 
reports and records be properly maintained' fo 
insure that changes are promptly incorporated, 
proper history of the equipment is maintained, 
and responsibility is properly placed. 

Senior petty officers in charge of the various 
stations in the catapult must maintain a day-to- 
day record of their respective stations and/or 
equipment ^, 

Recordkeeping in relation to launch and 
recovery equipment is as important Ss operation^ 
of machinery or maintenance procedures. Due 
to the many 3-M maintenance schedules that^. 
must be adhered to and periodic ^reports that 
must be made, the importance of accurate Ic^gs, 
reports, and records should be emphasii!fed. 
Senior ABE's charged with the responsibility of 
maintaining machinery or equipment are also 
responsible for maintaining and submitting prop- 
er and correct catapult and recovery records. 

Activities engaged in launching aircraft from 
steam catapults must maintain Catapult Launch- 
ing Log Sheets, NavAir Form 13820/1 for steam 
catapults, (See fig. 3-3.) It is also rec(5rnmended 
that a Catapult Daily Maintenance LogbooTc be 
kept ^ 



STEAM CATAPULT LAUNCHING 
LOG SHEETS 

Steam catapult launching log sheets arei avail- 
able in pad form of 100 sheets per pad; They 
can be jequisitioned from the forms and publica- 
tions segment of the' Naval Supply System in 
accordance with instructions found in NavSup 
Publication 2001. Not more than' 1 year's supply 
of log sheets shall be stocked. 

A steam, catapult log, NavAir Form 13820/1 
.shall be Icept by all activities operating steam, 
catapiilts for all launches, mduding noload and 
deadload launches. Each log sheet has space to 
record 4pta for 21 launches. Completed log 
sheet^'S^^tained for a period of 1 year. Those 
more than a year old are disc^ded. 
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STEAM CATAPULT WORK (ROUGH) LOG- 
BOOK • 

> - 

A catapult woric '(rough) logbook is. main- 
tained for each catapult in service. All pertinent 
information 'acquired daily during x)peration, 
testing, and repair of .the catapult is recorded in 
tJi'e logbook. This* is a .ledger type book with a 
hard-cover and ruled pages. A logbook that has 
been filled ^th entries shall be kept for a period 
of 2 years an'd* ^hen discarded! ' 

recovery' LOG 

The recovery log' (fig 3-4) is maintained by 
arresting gear personnel assigned to Pri-Fly to 
provide a uniform system of repording invalu- 
able arresting gear data. With the exception of 
the **remarks" column, an entry must be made 
in each column for. every recovery, excluding 
barricade arrestments. 

The number recorded in the **repovery num-. 
ber!' column must be aiflEccurate ninning total 
of arrestments. Jt is imperative that all informa- 
tion be recorded accurately at the time of 
arrestment * 

Particular care must be exercised to be as 
accurate as possible when making entries in the 
^•distance-off-center" and ^'landing type" co^ 
umns. Refer^ to footnotes 1 and 2 on the 
recover}^ log sheet (fig. 3-4) for information as 
to. the najture and requirements of the entries. 

Any unusual aspect of a recoverj^ is to be 
noted accordingly in the ''remarks" cojumn. If a 
' lengthy explanation is necessary, explain on a 
separate sheet of paper and attach it to the log 
sheet Entries made in the "engine weight 
setting" and "ram travel" columns shall be 
obtained from the engineroom. 

Recovery log ^^heets come in pads of non- 
carbon reproducible paper. When entering data 
on the log sheets, it is necessary to remove tht 
numbe'r of sheets requijred or place a hard spacer 
under the proper number of sheets to prevent, 
reproducintg more than the desired numbei of 
copies.. ^ /• . ' 

Additional copies of the recovery- log sheets 
(NavAir^ 13810/4) can be obtained frojn .the 
forms and publications segment of , the Navy 
supply department, in accordance with NavSup 
Publication 2002, ' \ : - 



IlECOVERY wiRE ROPE HIStORY CHART 

A wire cope history chart (fig. 3-5) is kept for 
each arresting gear serving a deck pendant This 
chart provides a uniform system of recording 
inviluabllWfriformation * pertaining to the;, wire 
rope used oh rw:overy equipment 

When making each entry on the chart,^be sure 
16 include tfie last recovery number of the 
applicable arresting gear. This information can 
be.obtained from the recovery log ^tlg. 3-4). 

An entry is to be made on the vvire rope 
history chart each time one t or more of the 
following occuFs: 

1. After regularly required inspections of the 
purchase cable., 

2. After replacement of the purchase cable. 

3. After replacement of the deck pendant 

4. * After tprque reijioval in the cable system. 

5. After cropping of the purchase cable due 
to stretch, recession of wires in tiie terminals, 
defective tejminal, etc. 

The rope * gap ^nd ' :fope , diameter shall be 
measured as instr.»cted by ^ representative from 
the carrier and field ^rvice unit (CAFSU). 
Those columns on the/wii^ r6pe history chart 
that re;quire a specific type of entry are so noted 
by footnotes. 

The wire rope history chart forms, like the 
recovery log forms,- come in pads of noncarbon 
reproducible paper. . - 



FLIGHT DECK OPERATIONS REPORJ . 

This report is, the responsibility of the com- 
manding , officer, however, tHe responsibility for 
its compjetion is usually delegated to the arrest- 
ing gear* officer. It is to be submitted quarterly 
on NaV Air basic form 13810/f, The Flight Deck 
Operations Report is sent to NavAirSysCom, 
with copies to the Type Commandei;, Command- 
ing Officer, NAEC (SI), and to th^Naval Safety 
(Center, Norfolk. Virginia. Quarterly reports are 
required even when there have been no recovery 
operations. 

The fixed wing information^ required is as 
follows: 

1. * Tyi)e aircraft. 

2. Number of landings Jfor each type. 
■ 3. Number of crashes. ' , 
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BECOVERY LOefrOR USE IN PR1-FLY) 
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Figure 3-4.-Recovery log sheet 
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4. Was the^ro^fb^ strike, inajdi? overhaul, 
or other damage. - . ^— ' 

5. ' Total landings this report - ^ ' 
; Total landings to date. . * , 

, 7: Tatal landings by. deck pendent « 
,8. Nomber of catapult launches this report 
V| 9. Number of catapult launches to date. 
^ 10. Any pertinent remarks.^ ^ 
s 1h addition to the ?bove information the 
foUSwing is required : 

beck pendant senrice life. ' ■ i 

* a. ThenumbW replaced dfiring^he period 
of this report. 



' b. The nuipber *6f engagements on each 
pendant prior to ^placement ' ' ^ \ 

2.: Helicoptejr landing data suck as: . ' " 

a. Under ' aircraft model,, \list helicopter \ 
model 

b. Under touch and go or helipopter land- 
ings,^ist helicopter lahdings in the appropriate 
space; i.e., night or day. 

c. Und^r column landing crashes ^^eck), 
list crash ii/formation 'if any," such.as ifiajbror 
minor. - % ^ - . \ \ 

NOTE: HeUpopter landings must N6T 
included in .the tally or total arrested landings 
this report, or total arrested landings to date. 
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UNSATISFACTORY MATERIAL/ 
CONDITION REPORT 

The Unsatisfactoiy Material/Condition Re- 
port (UR) \y:as created to obtain service experi- 
ence information from the most reliable sources. 
^ The major aspects of the program are' the 
collecting, compiling, and andyzing of service 
expenence with aeronautical "materials to deter- 
mine areas of immediate faili/res and trends of 
impending failures, and to coordinate efforts to 
correct material deficiencies , and improve flight 
safety, .operational utility; arid logistic support 
for operating aircraft. 
The rapid collection and" dissemination of 
^ service experience data to cognizant govern- 
me/ftal activities are -necessary in. order to 
rapidly initiate appropriate action to insure 
more reliible equipment.in fleet service. In this 
regard, thb assignment of competent personnel 
to s.upervise and review Unsatisfactory 
Mat^nal/Condition Report preparation is man-- 
datpry. , • . 

The baae form used for reporting failures, 
deficiencies," or malfunctions of equipment is the 
Unsatisfactory Material/Condition Report (UR) 
NavAir Foim 13070/5. (See fig. 3-6.) , 
J . 7^® provides for submission of specific 
mformation considered essential to conduct a 
complete evaluation and analysis, of problem " 
areas associated with catapults or arresting gear. 
The UR is req'uired in order' that complete 
statistical data and records concerning unsatis- 
factory material and failures may be compiled 
and appropriate corrective action taken. The 
, reports include sudden failures 'Xbroken parts, ' 
e.tc.) as well as 'gradual failures (due to corrosion,' 
forei^ particles, stress, cr^s, ^^c.). Con- 
- scientibus reporting and subfnission of detailed 
_ jppmions and observations on' failed or Unsatis-' 
factory iterps wiU greatly help in the processing 
of this dafa. . ' ' 
The UR form has provision for the originator 
• to submit a report in various categories. Space 5 
or the UR must indicate,the category as deter- 
mined by the reporting activity. Guides for this 
selection are as follows: 

1. SPEClAL-indicates that the- particular 
. coriditiort is a. result of discrepancies in design, 
maintenance, technical data, - quality control • 
(new manufacture or overhaulKor fofeigij ob- 



ject damage, but the condition yvas not ijself 
critical in nature. Other special situations, such . 
as not meeting expected .performance life or 
other parameters which require reporting, fall 
into this category. - ♦ 

2. SAFETY-indicates a priority over all oth- - 
er reports: The originator selects this category 
when reporting deficient material conditions 
which, if not corrected, would result in fatal or ^ 
serious injury to personnel or extensive' damage 
ord^struction to equipment; or for conditions 
that, contribute to or could contribute to an* 
accident or incident A . SAFETY Unsatisfactory 
Material/Condition Message should be initiated 
on the date the. trouble occurs. The message 
must be assigned a ':priority': rafin^ The SAFE- 
TY UR messuage must be followed up bv a 
SAFETY.UR. ' - . 

The iJR is provided in a carbon backed ' 
four-p^e set To obtain legible copies, it is 
recommended that either typewriten uppercase 
Jetters or a ball-point pen be used. 

The instructions for preparation of the Unsat- 
isfactory Material/Condition Report '(UR), 
printed on the first. page of the fotlr-page UR 
set, must be followed completely. Read all 
instructions thoroughly before fillingj[n the UR. 

The UR set is prepared in all cases vfhen an 
accountable part is removed and replaced by a 
part drawn from supply, or when a part is 
delivered to* a supporting maintenance activity 
for repair or replacement The purpose of each 
section is as follows: 

1. THe first sheet in the set is the ORIGINAL /* 
document which is transmitted to the UR 
Center, NATSF (MR). Pertinent data from the 

UR is entered on the other parts of the UR set 
by the carbon backed sheets. . 

2. The FILE copy is retained by the UR 
report originator for record "piitposes. A file 
copy should be retained for 6. months by the 
reDorting»activity qr the supporting maintenance 
acuity, as appropriate. 



3. The TAG copy (hard^cop^OiTa complete 
carbon-copy of the UR that is attached to- 
material, being turned in to supply or released 
for investigation. 
' Failed materi.^ should be retained at the field 
site with a legible TAG copy (hard copy) of the 
UR report securely attached to it ALL ORIG- 
INAL UR's or first sheet of UR sets,'' with 
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Figure 3-6. -UR report form. 
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photographs and/pr drawings, are forwarded to. 
tjje Naval Air Technical Services Facility (MR); 
700 "Robbins Aveitue, Philadelphia, Pennsyl- 
vania, 191 11, . 



5 include much data never used aboard ship,^nd 



SUPPLY 



* It is essential that the ABEl and ABEC know 
certain phases of supply in Order to pi§f ure and 
ihaintain equipments in accordance with current 
regulations. They must be familiar with the 
publications used in identifying material, equip- 
0lent,'and spare parts utilized in the iferform- 
ance of the duties of their rate. In additfen, the 
ABEl^ and ABECmust be familiar wi& the 

quantities of materi'al and 'equipment .'autho^- 
lied^ anS the authorization for these altew^ces.. 
They, must also know procedures used iri^rocur- 
ing, expending, inventorying, and maintaining 
custody of material.' 



IDENTIFICATION OF SPARE 
PARTS AND EQUIPAGE • ' 



/ In order to procure the desired material to 
" property conduct an inventbry of materials on 
hand, the ABE must be. able to idenltify the 
^^laterial or equipment concerned. Th\ fi^e- 
plate attached to sdme equipment furnishes data 
help/uPin identifying the equipment However, 
when procurement requests are initiated, it is* 
*very important .that, the correct federal s.tock 
number, complete nomenclature, part nuipijer, 
and reference fee^fifliiished the supply officer to 
prevent ordering unsuitable material. This infor- 
mation can- normally be obtained from'; Navy 
stock lists and applicable tedhnieal maiiuals, 
parts lists, .NavAirSysCom change bullfetinsV.and 
, allowance lists. J 

FLEET ORIENTED CON- V ' 

SOLID ATED^STOCK LIST ^ 

The Fleet Oriented Consolidated Stock List 
(FOCSL) is prepared by the Navy Fleet Material 
Support Office andjs designed to afford relief of 
workload for shipboard personnel The many 
stock catalogs are impractical for shipboard* use 
because they are bCflkyiii size, differ in format. 



\^ require an excessive* amount of time to maintain. 
^ The FOCSL was developed in order to substan- 
1 tially reduce the number of supply ; catalogs- 
required to be maintained .by reducing and 
--^ tailoring- catalog information to those items of 
interest to Navy personnel.* ^ • 

Prior to the development of the FOCSL, it 
-w(3&^ecessary to search through several cross-ref- 
erence listings published by the various inven- 
tory managers to cross-reference a manufactur- 
er's part number of a federal stock number. Part 
number for Navy interest items are now consoli- 
dated ipto the MASTER CROSS-REFERENCE 
LIST section of the FOCSL regardless of the ' 
controlling inv&ptory manager. This section is a 
one-way listing from part numbers to Federal 
Item Identification. Numbers (FIlNs) and in- 
/"^ eludes the federal supply code for manufactur- 
ers. The part numbers are arranged in alphanu- 
s^'merical sequence. 

\ Bimonthly CHANGE BULLETINS are pub- 
\lished to update the Price and Management Data 

Action and the Master Cross-Reference List 
^ection; a\separate bulletin is issued for ^ach. 
^ijhese change .bulletins are cumulative, and list 
r^^ecessary current information to update the 
^.apprfcabie FOCSL sections. The information is., 
^presented ^ in the same format as the basic 

section. 



CURRENT WEAPONS EQUIP- 
MENT LIST (WEL 1090) 

This list contains FSN (FederaS Stock Num- 
Ijer) to P/N (Part No.) and P/N to FSN 
cross-reference listings. This List is invaluable to 
the ABE. 



. <-NXVY STOCK LIST OF - 
AVIATION SUPPLY OFFICfe 

The Navy Stock List* of the Aviation Sypply 
Office lists and identifies jTiflterial< under the 
in'^^ntory management of the Aviation Supply 
Office (ASO}. This material is identified by the 
cognizance symbol E or R prefixing the federal 
stock number of the item. The Navy Stock List 
of ASO is published in four parts;- . - 
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Cross-Reference C0009 ^ 

(FSN to Manufacturers Part • ^ 

Number and Code)' ^ • • 

One part of the ASO stoc^ list publication is a 
cross-reference from federal stock numbers to 
manufactured s,part-numbers and code. 

Price and Management' Data Section 

The second ^0 stock list publication con- 
tains the foUowing information: the federal 
stock number of the item, its uijit price, unit of 
issue and accountability code; new items; and 
deleted items- All classes of material are in- 
cluded in these sections. ^ 

D^criptive Sections 

The thi/ft ASO stock list publication contains 
a cross-reference from the characteristics of 
items the federal stock aumbers. . 



Afloat, the request document is^presented to 
^e aviation stores division for technical aero- 
nautical material or to the supply - office for 
other than aeronautical material. While individ- 
ual ships may employ different procedures, such 
as a credit card system, the DD Form 1348 is 
normally the request document When it is 
necessaiy for the ABE to draw parts or material 
from supply, he prepares a DD Form 1348 and 
presents it to the air officer or his authorized 
" representative for signature. The DD Form 1348 
is then presented to the supply department for 
proceging and receipt of material. 

Asnore, the requisition may be presented 
directly to a supply warehouse or to an estab- 
lished retail issue outlet Procedures may differ, 
between shore stations, . because of assigned 
levels of maintenance, geographical location of 
shops relative to supply , facilities, and' other 
factors. Normally the DD Form 1348 is the 
0 proper request document which is prepared and 
submitted in accordance with local instructions. 



Parts List Sectior 



The fourth ASO stock list publication con- 
tains - a cross-reference from part number to 
stock number, supersedure of numbers, ad- 
ditional model applications, equivalents, change 
' of design information, maintenance, and dyer- 
haul percentages, accountability codes, perish- 
ability and salvageability information, and indie 
cations as to whether items, are included on^ 
allowance list 



REQUEST FOR ISSUE 

• 

^The ABE may encounter a variety of loc^' 
requisitioning channels, all designed to satisfy 
materiaT requirements. Procedures at the^ con- 
sumer level are somewhat flexible. Normally, the 
single line item requisition, :rDD Fonn 1348, is 
the form on which material is pro.cure'd from the 
supgbf department It is importfmt that the 
correct stock number, manufactiuer^s part num- 
ber, and nomenclature be included on all re- 
quests in order to expedite identification and 
issue. Incorrect or omitted information can lead 
only to confusion and delay inJssue, or possibly 
' the wrong part or material may*be issued. 



Requests for In- . 

excess Material ' ^ 7 . , 

Aboard 'ship requisitions for the following are 
considered as in-excess: 

T. Equipage not on the ship's allowance list 

2. Equipage on the allowance list but in 
greater quantities than allowed. 
' 3. Repair parts not listed with quantities in 
ship's allowances for which a request can be 
justified. - - 

Request fou in-excess material must be ao 
cpmpanied by a complete justification as to why 
the item is required and why authorized material* 
will not suffice. If the item is required for use by 
all amilar type activities; a 'reconmiendation 
should be made to include the item in an 
applicable allowance list Except in an emer- 
gency, in-excess material cannot be issued by the 
supply, officer until the request has been ap- 
prove by competent authority. 

Ashore, the ABE is not normally confronted 
with in-excess requirements. Accountable (plant 
account) marerial requirements are included in 
' tlie activity's budget submission td the manage- 
ment bureau, and the granting of funds normally 
constitutes approval of the requirement 
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Requestsfor 
Nonstandard Material 

Nonstandard material is material for which a 
federal stock number has not been assigned. 
When preparing a DD Form 1348 for nonstand- 
ard material, it is* imperative that complete 
information be furnished in order that the 
supply officer may positively identify the exact 
material, equipment, or part that is required. 
The following information should be furnished, 
if possible, when requesting nonstandard mate- 
rial: . ' ' ^ ^ 

1. Complete name of item. . 

2. Complete nomenclature of item. 

3. Manufacturer's name. 

4. Manufacturer's part or drawing number. 

5. Name and ad,(}ress of a dealer where the 
material can be obtained. 

6. The document or publication authorizing 
issue of the item. 

- 7. Justification as to why standard material 
'11 not suffice. ^ ^ 

Requests for nonstandard material are pre- 
red on DD Form 1348 arid forwarded to the 
pply officer in the same manner as a request 
standard^material. 

wVEYS 

pie Survey Request, Report, and Expendi- 
tui^ (NavSuR Form 154) is the document used 
to 3?eevaluate or expend lost, daihaged, deteriora- 
ted,\ or worn material from the records of the 
accountable officer as required by U.S. Navy 
Regulations. Rules and regulations governing 
survevs and the responsibility connected with 
the accounting for government property are of 
primary importance to every man in 'the naval 
ser«^icd|. 

The|Surv^ey request provides a record showing 
the cause, condition, responsibility, recom- 
mendation for disposition, and authority to 
expend! material fronl the-records. Rough survey 
requests are prepared by the person or depart- 
ment head responsible for the material to be 
expended or reevaluated. 

types Of Surveys 

There are two typfe of surveys, with )vhich the 
ABE should be familiar formal and informal. 



Each activity normally prepares local regulations^ 
outlining the circumstances which will deter- 
mine whether a formal or informal survey will 
be made. However, the commanding officer v/ill 
order a fottDal survey in any case he deems it 
necessary. 



FormalSurvey * * 

A formal survey is re^quired for those classes 
of materials or articles so . designated by the/ 
bureau or office concerned, or when specifically 
directe'd by the commanding officer. A formal 
survey is made by either'a commissioned officer 
or a board o^three officers, one of whom, and 
p many as practicable, must be commissioned, 
appointed in eith^instance by the commanding 
officer. 

Neither the,.commanding officer, the officer 
on whose records the material being surveyed is 
carried, nor the officer chai^ged with the custody 
of the material being surveyed may serve on the 
survey^oard. 

Informaf Survey 

Informal surveys are made' by the head of the 
^departmSnt having custody of the material to be 
surveyed. Informal surveys are used in cases 
when a formal survey is not required or directed 
by the commanding officet 

PREPARATION OF A 
^REQUEST FOR SURVEY 

A request for survey may be originated by a 
department,* division," or section head, or a 
designated subordinate, as prescribed by local 
regulations. Normally, requests for survey are 
originated in the department having custody of 
the material being sU!rveyed. llie initial survey is ' 
made on a rough copy of Form 154. A 
statement 'by the originator is placed on or 
attached to the request for survey. Included 
this statement is information relative to 
condition of material; cause or condition s 
rounduig the loss, damage, deterioration, 6r 
.obsolescence of material; responsibility for ciuse 
or coiylition of material, or reason why responsi- 
bility cannpt be determined, and recommenda- 
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tion for disposition of material or action to be 
taken. 

Upon ^receipt of the rough copy, the desig- 
nated group or section prepares a sufficient 
number of smooth copies of the request for 
distributidtnn accprdance with local regulations. 
The smooth survey request is filled in down to 
the caption Action by Commanding Officer or 
Delegate." It is then forwarded to the command- 
ing officer who will determine whether the 
survey will be formal or informal. If fonnal, the 
survey request is forwarded to the designated 
surveying officer(s); if informal, it is forwarded 
to the HEAD of department for survey action. 

The statement by the originator as to the 
cause, condition, etc., is attached to the smooth 
request for survey for evaluation by the survey- 
ing officerts). After the survey has been com- 
pleted by the head of department or surveying 
officerts). It IS returned to the cormmanding 
officer for review action. After approval by the 
commanding officer, the survey request is /or 
warded to the. cognizant fleet command and/or 
bureau for fmal review and approval whea so 
required. In the absence of specific instructions, ^ 
surveys ate not forwarded to the Na val Air — 
.Systems Command for final review and 
approval. 

After, approval, the supply officer expends 
items as directed by the approved survey. 

Requests for replacement of surveyed items 
must be made with DD Formal 348, and must be 
accompanied by a certified copy of the dp- 
proved survey request 

Culpable ResponsibiUty 

When a person in the naval service is found to 
be culpably responsible by a surveying officer or 
board, the reviewing officer wHl- refer the entire 
matter to such a person foNa statement The 
reviewing officer must then take such discipli- 
nary action as the circumstances require. He will 
. note on the survey the action taken and inform 
the Chief of Naval Perspnnel and the bureau 
coDcemed as to the disciplinary action taken. In 
the case of officers, he must make recommenda- 
tions as to the inclusion pf a statement of the 
action taken in the record of4Ke person con- 
cerned and-inform that person of the final 
decision in the matter. Action on the survey in 



respe.ct to the material involved must NOT, 
however, be withheld pending disciplinary act- 
ion. (See art. 1953, U.S. Navy Regulations.) 

INVENTORIES 

In thes first quarter of each fiscal year an 
annual inventory of equipage is conducted. The 
supply officer coordinates and sets up tiie 
beginning and endu^ annual inveiitory dates' 
with the approval of the commanding officer. 
Each department is advised of these inventory 
dates in writing by the supply officer. It is the 
responsibility of each departrfient head to inven- 
tory the equipage assigned to his department 
ABE'S are normally required to physically inven- 
tory aU^ equipage assigned to them on a custody 
receipt froin the air officer or their division 
officer. W^n equipage is inventoried, speaal 
care should be taken Jo note if it is serviceable, 
properly^preserved and stowed, and to ascertain 
if it is still required by the department to 
Igrform its assigned mission. The ABE using the 
equipage is the person in the best position to 
determine this. Therefore, he should make 
recommendations to tiie division officer or to 

the-air offi c er as to the need for survey, 

expendi1|Ure, disposition, or acquisition of 

additional equipage. 

The most important, inventory is 'the one held 
within the division. There is no answe/ in the 
event a certain spare part is heeded and it 
suddenly comes to light that one is not available. 
Not one piece of equipment under the cogniz- 

* ance of ABE's can 'b'e allowed to be inoperative 
at any time. Therefore, if something is in a dovm 
status due to the lack of a proper inventory of 
'spare parts, somepne is in trouble; and as a 

' senior ABE, there is no need to point out who it 
is. 

To operate efficiently and to insure tl^t spare 
parts are properly stowed and inspected, ari 
inveglory is held every *30 days. There should 
alvf^ be a 90-day supply of spare parts aBoard; 

. th^efore, inspect your spares as often as neces- 
sary to see that you have a complete stock and 
that it is in good condition. 

When storing spare parts. they should be 
properly preserved to prevent damage from rust 
or corrosion. They sliould be stp^ed in as clean 

, and dry a space as possijjle. Spar^webbings must 
be stored in'aclean,'d^,'well-veritilated space to 
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prevent dry rot and mildew. Always $tore spares 
to pro\dde easy accessibUity- Time is usually 
important when replacement parts are required. 
If possible, spares should be distributed in 
several storerooms to prevent ^oss of all spares in 
event of bombing or if a fire sHpuld break out in 
a storeroom. Try to stogjp^[g§.iiear the area^ 
where they are to be us^I^r\ 



CUSTODY CARDS 

Equipage is the, term normally used to identi- 
fy nonexpendable material for which custodial 
responsibility is designated by means of custody 
'cards. An inventory count of .equipage on hand 
must be brought into agreement with the 
amount shown on the custody cards. Any items 
missing at inventory, or found to be unservice- 
able, must be surveyed and expended from the 
custody record cards. Equipage, on which custo- 
dy cards must be maintained, is defined as those 
items having an accountability code designation 
of D, E, R, or L. Code D and E items are 
maintained on a custodial signatura^^is. Code 
R and L items, depending on--Cfi[eiisfe- i>f the 
item, are in some cases maintained on a custo- 
dial basis. All of these four coded items are 
normally exchanged on an item-foritem basis. 
There are two designations of custody record' 
cards, NavSup Form 306 or 460. 

Equipage is issued by the supply officer to the 
head of the applicable using department The 
department is held accountable to the com- 
manding officer for this material. It is. apparent 
that the head of a department cannot personally 
keep track of all equipage for which he is held 
accountable. Therefore, h6 must delegate custo- 
dial responsibility to the division officers and/pr 
leading petty_pfficers Using of having the mate- 
rial in" their custody. When an ABE is assigned 
custodial respdnsibility^ he is required to sign a 
memorandum receipt to his division officer or 
department head for the material for which he is 
held responsible. 

The ABE shoulti keep strict control over and 
know the location of his equipment at all times. 
He can be held culpably responsible for material 
lost or damaged due to his negffgence. 
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CARRIER AND FIELD 
SERVICE UMTS 

The Carrier and' Field Service Unit (CAFSU) 
was established in 1953.-The need for experi- 
enced and highly trained personnel was recc^ 
ni zed by the B uFeati of Aeronautics (curren^^ 
N^al Air Systems Command), i^ order] to 
jTOvide technically experienced personnel (^n a 
^continuing basis to span the 2-year mili:ary 
rotational policies. This specialized ' group of 
technicians provides continuity of service, even 
^though military persormel are transferred fre- 
quently. 

CAFSU 'technicians are usually selected from 
Navy military personnel who' have a wealth of 
experience and have distinguished themseNes 
tiirough years of operational experience. Most of 
the present 'technicians are retired officers and 
petty officers who service the fleet and shore- 
based activities throughout the world. All tech- 
nicians are under the administrative control of 
the Naval Air Engineering Center (SI), Philadel- 
phia, Pa. 19112. These technically qualified and 
diversified technicians are on call 24 houis a day 
to furnish technical assistance as requested by 
naval message,, letter, or other method. Such 
requests should be referred to commaiids as 
foOows: COMNAVAIRLANT, COMNAVAIR-. 
PAC, and the Naval Air Engineering Center. The 
Type Commands should be action addressee for 
fleet requests, and the Naval Air E^^eering 
Center (SI), for shore activity requests. Occa- 
sionally, problems of routine 'nature can be 
soNed by a personal visit to the nearest CAFSU 
field office, located as follow: 

K Naval Air Station^ Norfolk, Virginia. 

2. Naval Station, Mayport, Florida. 

3. Naval Air Facifity, Naples, Italy. 

4. Naval Air Station, San Diego, California.* 

5. Naval Shipyard, San Francisco, California. 

6. Ship Repair Facility, Yokosuka, Japan. 

7. Naval Air Engineering Center, Philadel- 
phia, Pa. 

8. Puget Sound Naval Shipyard, Code 275, 
Bremerton, Wash. 

9. Ship Repair Facility, Subic Bay, R. P. 

^ CAFSU technicians provide technical assist- 
ance to shorebased and shipboard personnel v^rhq^ 
operate and maintain catapults, anestmg gear. 
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Fresnel lens,, PLAT systems, and flight, deck 
lighting. Various types technical assistance are 
available to activities-for example, training of 
personnel, rdutine operational and maintenance 
procedures and probl^s, troubleshooting, anal- 
jf ym of equipment dSualties, and emergency 



repairs at sea>a0a in port During major and 
minor overiiaut<#iaunching aitd recovery equip- 
ment, CAFSU representatives ^nonitor the prog- 
**ress and workmanship to assure'compliance with 
Bulletins,^ Changes, plans, ajid^pplicable instruc- 
tions,: 'I 
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CHAPTER 4 

STEAM CATAPULTS 



The modem aircraft carrier is one of the most 
versatile .weapons our country possesses,, being 
able to launch as well as recover some of the 
worid's largest and' fastest combat aircraft The 
modem- aircraft carrier also i has the ability to 
travel quickly to operational ^reas anywhere on* 
the high- seas, which allows the carrier to attack 
or defend almost any selected target in the 
worid. 

* . Catapult equipment is just one of many 
systems vital 'to thr operational status of the 
aircraft carrier. Without this equipment, the 
Tieavy attack and fighter, aircraft could not 

^ become airborne with the variety of payloads 
required As carrier based aircraft became larger 
arrd heavier, catapult development moved along, 
resulting in larger launching weight capabilities. 
Since 1951, when the United States tested and 
evaluated the British type steam catapult and 
found that it^could be modified to work with 
the higher, steam pressures developed by the 
boileis of American ^hips, our engineers have 

"^progressively improved the basic design and 
launching capacity of our catapults- 
^ Senior ABE*s assigned to the steahi catapult 

idivisionsjare charged with the responsibility of 

* maintaining the machinery in accordance with 
applicable- Maintenance Requirements Cards 
(MRCs), aqd of organizing, supervising, and 

• training crews in a manner that will insure SAFE 
J**and eflicient operation of the catapult 

* To perforjp this continuous and demanding 
task in an exemp^aiy'manner, senior ABE*s must 
sfaive to maintain versatile, knowledgeable crews 
with the .use of training "manuals. Maintenance. 
Management and ^laterial (3-M) procedures, 
on-the-job training, and duty rotation on a 
scheduled basis whenever possible, so that each 

" individual be qualified 4n as many duties 
concerning the opw^tion and maintenance of 
steam catapults as time allows- Ultimately, every 



man should know and be able to perform any 
duty at any time called upon. 

CAPABILITIES AND LIMITATIONS 

The C-13 catapult is a steam-powered, direct- 
drive, Hush-deck catapult As can be seenTrom 
table 4-1, it .is capable of launching an aircraft 
weighing 74,000 pounds at an end speed of 128 
knots. The steam pressure is greater than that 
normally used in any of the previous catapults. 
The C-13 catapult has'an energy potential of 60 
million foot-poimds, which makes it capable of 
launching any of the present or plaimed carrier 
aircraft with an adequate ma^ of safety. You 
will find as you proceed through this chapter 
that there are many differences between the 
C-13 catapult and all the others in the fleet 
today. 

Tlfis chapter deals chiefly with die C-IS; . 
however, the newer rotary retraction and drive 
system-^sed witii die C-13-1, installed ^on 
CVA-41 and CVA-67 and subsequentLcarriers, 
are briefly discussed. The principal differences 
between die C-13 and die G-U are also pre- 
sented. 

DESCRIPTION Oi^* COMPONENTS 

^ E^ch C-13 type catapult consists basically of 
ei^t major sysfems: 

L Launching system- This system may be 
defined as those co.mpqnenfs to- which access 
cart be gained at die flight deck jeveL These 
compbiients include: 

a. Trough comets and track assembly, 

b; Power cylinders. 

c. Cylinder Qpvers, 

d. Sealing strip and -spring tensioner.* , 

e. Launching shutde. 
V,, f. Launching pistons. ' 
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Table 4-1. -Types' qf steam catapults 



! 

Item 






' C-13 


C-13-L 




.. C-11-1 








253 ' 


21 1 


249 10 ^ 

• 






.267 ■ 


225 ■ 


■ 264' 10"' 


324' 10" 




115' 


108 


128 • " 


140 


Maximum operational 


73,000 


U 68,00b 


74,000 


80,000 



2. Steam systems. 

a. CVA-63 through CVA-66. (See fig. 4-L) 

(1) Flow control valve- system. 

(2) Steam receivers. 

(3) Launching valves and assemblies. 
, (4) Exhaust valve. 

(5) S'team preheating systems. 

(6) Steam smothering system. 

(7) Orifice elbow assembly. 

(8) Steam operated pressure switch. 

b. " CVA-67. . * • 
"(1) Steam-charging valves. 

(2) Steani wet receiver (constant pres- 
.sure source ). (See fig. 4-2.) ^ 

(3) Launching valves and assemblies; 
(4/ Exhaust valve. o 
(5> Thrust-exhaust unit*; . 
<6) Steam preheating systems. ^ 
(7) Steam smothering system. 

_ (8) Orifice elbow assembly. 

(9) Steam operated pressure switch. 

3. Retraction system. The two retraction 
engoie systeiins in use are the linear, and the 
rotary/ The majority of catapults installed 
aboard carriers are equipped with the linear. . 
retraction engine. Rotary retraction engines are 
installed aboard CYA-41, ^VA-67, and- subse- 
quent* earners. The rotary is the newest of the 
two retraction systems and will be installed on 
all future carriers^ / 

- The retraction engine provides 'the power to 
retract the shuttle and the launching engine.- 
pistons after the catapult has been fired. It is, 
also used to advance and maneuver the grab 
, . forward anijTaft 

' - ^ ^ , ' 4 

Q — ^. - • " 
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a. Linear retraction engine system. 

(1) Retraction engine cylinder^ -^d pis- 
ton. 

(2) Advance stroke buffer. 

(3) Retract stroke buffer. 

(4) Main hydraulic accumulator. - 

(5) Sheaves. 

(6) Cable equalizers (retract and ad- 

.vance). 

b. Rotary retraction engine system (fig. 

4-3). 

(1) Retraction engine hydraulic motor. 

(2) Cable tensioner assembly. 

(3) Screw and traverse c^rrage installa- 
tion. 

(4) Sheaves. 

4. Drive system. This system provides the 
.means of transferring the motion of the retrac- 
tion engine to the grab for advance and retrac- 
tion of thefshuttie and piston assemblies. 

a. Linear retraction system^ 

(1) Grab. * , 

(2) Advance and ¥etraction cables. 

(3) Fairlead sheaves. 

b. Rotary retraction system (fig. 4-4). - 
0) Grab. ^ 

(2) ' Advance and retraction cables. 

(3) Fairlead sheaves.' 

(4) Dfinn assembly. 

(5) Screw and traverse' carriage (fig. 

4-5). 

The screw and traverse assembly physically 
p-events the advance and retract cables from 
being crossed or tangled on the drum when the 
retraction engine is in operation. Jhe traverse 
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VENT VALVE PANEL(REF) _ "CABJ-E TENSIONER 




?IPWGTO'RETRACT DUMP VALVE 
P\?\UO TO ADVANCE DUMP VALVE 



MANIPOLD itsSEMBLY (REF) 



DRUM 

TENSIONER ACCUMULATOR 



FRONT VIEW 



*<YDRAULIC MOTOR 




SCREW AND TRAVERSE 
CARRIAGE INSTALLATION 



JUNCTION BOX 



REAR VIEW 
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Figure 4-3.-Rotary retraction engine. 



carriage, driven by the. scigw, slides in tracks 
mounted on the retraction engine frame. 
' The^ screw is geared to and driven by the 
drum. Rotation of the drum causes one Set of 
the cabjes to wind on the drum while -the other 



set pays out or unwinds. When the drum 'tod 
screw rotate, the carriage moves slowly .along the 
tracks that are mounted near .the^ top "of the 
engine frame, guidmg tiie cabjes on apd off the 
. drum. • 
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5. Hydkulic§ystemv. . 
' \ "Liiiear system. ^ . 

. "^wo niain hydraiUic pumpi 
Jf (2) A circulating pump. 
(3) A drain pump. 



Figure 4-4.-Dr(ve lystam (rotary retraction $y$tem). 
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(4) A gravity' tank and e;?terrial ciolen 

(5) The associated pijnng^and control l"' 

(6) The main hydraulic accumulator. - 

(7) Anairflask.^ " \ ^ 
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Figure 4-5.-Scarew and traverse carri^e. 



(8) The retraction engine ^anifold as- 
sembly. * ' ^' 

(9) An auxiliary tank ^ 
b. Rotary -system (flg. ^.6). . 

(1^ Three main pumps. \ . 
(2y A cifculatihg pump^ . 

(3) , A gravity tank aid external cooler 

(4) An^ auxiliary tank. 

(5) A main hydraulic accumulator.^ : 
^ . (6) ^An air flaskf * * ' ' \ 

' ^ (7) The associated piping and control 
valves. ' " . ^ 

/ ^) A drain pump. '» ' 
' ' (9) The retraction engi^ manifold as- 
sembly. 

, The hyjdraulic system supplies presjsurized 
fluid to the hydraulic components of the cata- 
pult The main pumps of the hydraulfc system 
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draw fluid from the graviQ^ tank and pressurize 
it. The fluid is then- directed uito the main 
hydraulic accumulator where tHe fluid is kept at 
a relatively constant pressure. The circulating 
.pump ^draws' hydraulic fluid from the gravity 
tank and circulates it fiirough the copling jacke^ 
of the launching-valve operating -cylinder. This 
continuous flow of cooled hydraulic fluid pre- 
vents overheating of the operating cylinders 
during catapult operations. The circulating 
pump is also used to fill the gravity tank with 
hydraulic fluid from the .auxiliary tank. The 
external ♦cooler is located near the gravity tank, 
and when the hydraulic pumps arevnot pumping 
fluid to the* accumulator, -the fluid posse's 
through the external cooler to the gravity" tank, 
^thj^is maintaining the fluid at a consWt tempera- 
hire. The drain pump transfers the hydraulic 
fluid from, supply dmms to the auxiliary tank. 
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legend: 



TO PPERATINQ CYMNOHR COOLING JAjfKETS — ■ 
OVERFLOW LINE FROM PUMP 



TOPRESSURE QAQE 
^TCHAROINO PANEL 




FROM 
SUPPLY 
DRUM 



AUXILIARY PUMP 



Figure 4-6.-»-Hydraulic system (rotary retraction engineh 
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-The auxiliary pump runs continuously and is in 
parallel with the main pumps. The* auxfliaiy 
pump is used to take care of leakage in- the 
system so that the main pumps will not have to 
lun for that purpose. ^ . 

The main hydraulic piimps (fig.. Art) run 
continuously duriiig launching operations and 
supply high-pressure fluid "to the catapult hy- 
draulici 'system. The hydraulic output from the 
pumps is controlled by operation of the delivery 
control unit. The delivery control unit is oper- 
, ^ated by the stroke control actiiator located at 
the main %draulic accumulator; When the 
volume of hydraulic -fluid in the accuftiulator is 
less than normal, the pumps go on-stroke and 
fluid is supplied to the accumulator. When the^ 
accumulator is filled to the proper leVel, the 
delivery control unit'shifts and causes the main 
hydraulic pumps to go off-stroke. . When the 
pumps go off-stroke, the hydraulic fluid k no 
longer supplied to the main accumulator, but' 
rather is pumped back td the gravity tank. 
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The main hydraulic accumulator (fig. 4-7) . 
consists mainly of a cylinder and a free piston. 
The accumulator maintains a relatively constant . 
pressure' in the hydraulic system., Hydraulic fluid 
on one side of the piston is maintained dh. a 
pressurized condition by air pressure on the 
other side. As hydraulic fluid is used, air 
pressure causes the piston to move toward the 
' fluid end of the accumulator cylinder,*maintain- 
ing pressure on . the fluid. Fluid used from the 
accumulator is replenished by the main hydrau- - 
lie pumps or the auj^iliary pump* - ^ * 
A stroke control actuator is mounted in the 
bottom ''of the accumulator cylinder. .The act-^ 
uator is a lever operated cam which operates a ' 
limit switch. When the piston reaches the top of 
its normal opiating stroke, the actuator causes 
the hydrai^lio^pumps to punjp hydraulic fluid 
(go on-stroke) to the accumulator. When the 
piston readies the bottom of^its normal operat- 
ing stroke, , the actuator causes the delivery 
cdntrol unit to shift and cause the main hydrau^ 

V 
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lie pumps .to go off stroke. (See fig. 4-7.) 

A volume normal actuator is'located in the 
^p of the cylindj^r. When the pistoft reaches a 
position near the top of the cylinder, it actuates ^ 
a lev,er which operates "the hydraulic- 
accumulator-volume limit switch. This breaks 
the interlock to prevent firing of the catapult ' 
-when there is insufficient hydraulic fluid in the 
accumulator to operate the launch valves. 

.The air flask (fig. 4-8) is a container of 
com preyed a(r which is used to maintain nearly 
constant' hydraulic fluid pressure in" the accumu- 
lator. As tiie fluid in the jaccumulator is used, 
the air pressure forces the piston upward, 
displacing the fluid. Because of the large volume 
qf air in the air flask, the pressure change in the 
accumiilatpr is relatively small. 

v6. Bridle Tension System. The . major com- 
ponents of the bridle tension system are: 
SL Tensioner cylinder and piston. 

b. Holdback cleat 

c. Solenoid-operated air valves. 

d. '^Control valves. 

e. Aix charging and blow down valv^. 

f. Reducing Valve. 

g. Sui:ge accumulator. 
7. Lubrication System. All lubrication on the 

C-13 catapult is accomplished through nozzles 
located in the cylinder coVers. The components 
that make-up the system' are: 

a. Injector nozzles. 

b. Metering injectors. 

c. Solenoid-operated air valve. 

d. Control valve. ^ 

e. Pump motor set 

f. Supply tank. - - ' 

g. ' Gage and piping arrangement ... 
8/ Control System. The control system 

(CVA-63 througlf CVA-6.6) allows for control cf 
the catapult during all phases of operation. It is 
divided into seven m^or panels: 

a, s Control console (fig. 4-9). . 

b. Deck ed^e control panel (fig. 4-10). 
, c. Auxiliary *deck edge light panel (fig. 

4-11). . / 

d. Primary fly panel. 

e. Retraction control panel. • . 

f. Water brake panel. 
^ g, Boilerroom panel (optional). • 

The C-13 and C-11 catapults differ in several 
areas, ^^ollowing is a listing of the m^or differ- 
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Figure 4-7.— Matn hydraulic accumulator. 



ence areas and §ome comparisons between the 
two catapults: ^ 

1. Launching systSjn, C-; 13. 

a. Increaseci^linder secfions. 

b. ^ Longer tobk and power run. 
c' Longer baling strip. 

2. Steam system, C-13: 

a. Higher pressure and steam* temperature. 

b. Different control system for launching 
and'exhaust valves. 

J 3. Retraction'system differences. , , 

a. ^ The length and construction of the main 
, en^e cylinder and piston. 

b. M^n hydraulic accumulator.' 
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Figure 4-8.-Air flask. 
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c* Advance buffer pressure. . | 

d. Operating solenoids and control valv^,.. ^ 
Bridle tension system differences. 

a. Operating solenoids ai)d con-trpj valv|^ 

b. Air charging and blowdo^ valves. 

c. Electrical circuit 
Lubrication system differences. 

a. . Location, of nozzles. 

b. Metering injectors. ^ • ^ . 

c. , Operating solenoid and control valve. 
4. Location of supply tank and pump"^ 

motor set. 

15. Control system, C- 13. ^ 

^ 2L The contr(^3:€snsole has no hahdcranJc^ 
and is divided into four pancls. 

b. /The deck edge panel controls retractien, 
. and hps additional lights and switches. - 

c. The auxiliary deck edge ligj^t panel 
incorpbrates a '*fire" light 

d. The retraction control panel allows for 
control at one panel, and has retract eng^e. 
suspend kwitch. * - - 

e. The water brake panel has a suspend 
switch and a suspend, light ^. 
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Thfe catapiy>^crews are assigned the lesponsi- 
oilfty of operating and maintaining the catapult 



machinery. In addition, they operate and main- 
tain the bridle arrester machinery, deck cooling * 
panels^ jet blast deflectors, and machinery bs^ 
dated with each catapult'They are also resppii- 
sible for hooking the holdback release units to 
the aircraft and the bridles or pendants to the 
shuttle and to the aircraft The knowledge they 
have and the teamwork and organization dis- 
played in the performance of their assigned tasks 
contribute in a large measure to the attack- 
capabilities of the carrier. 

Ft is also a responsibility of the catapult crew 
to think about . their duties, perform their 
assigned tasks willingly and to the best of their 
ability, and increase their knowledge (both 
operation and maintenance) of, the catapult ^ 
T^e- catapult crew consists of: 
^ Ti Catapult Officer. All catapult operations 
are^^ade under the direct supervision of a 
commissioned officer trained for this work.. This 
off&gf must have an intimate knowledge of the 
cata^pult -and all applicable Naval Air Systems 
Command technical publications pertaining to 
his particular catapults. He need notice a tiaval 
aviator. - . i , 

The . catapult officer is responsible for the 
proper inspection of the catapult and for the 
observance of all safety precautions. Before each 
day*s operation, he insures that the catapult is 
inspected in accordance with 3-M preoperational 
inspections jas described on applicable Mainte- 
nsince Requirements Cards (MRC's). He desig- 
nates, the catapult pressure or constant steam 
valve (CSV) setting to be used during launching 
operations, supervises aircraft catapult spotting, 
and gives the ^gnal^for firing the catapult Also, 
. he has authority to delay a launching if some 
adverse condition arises, even after the signals to 
fire have been exchanged, by initiating suspend 
? and the emergency HANG FIRE procedures. 
The catapult officer must insure that catsuit 
logs and records are maintained on each 
pult These logs and records must contain ml 
data regarding launchings, overhaul, and repairsX 
to the catapult as requ'ird by current directives. ^ 
^^j^^e catapult office/ makes a special report to 
"^the Naval Air Systems Command in the event 
^ any^ unusual condition arises in the operation of. 
his catapults. 

The assistant catapult and arresting gear offi- 
cer acts as the catapult officer in the absence of 
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Figure 4-9.-Control console of C-13. 
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the catapult officer He is usually the arresting 
officer* , 

An assistant catapult officer is responsible Ito 
the catapult and ahiesting gear officer for the 
waist catapults on ships with four catapults. 

Maintenance is accon)plished under supervi- 
aon of the catapult and arresting gear mainte- 
fiance officer He must have complete knowl- 
edge .of the catapult, the catapult manual, the 



3-M systfem, and all applitable^l)faval Air Systems 
Command catapult service changes^ senrice ,bul- 
letins, and repair procedures. However, the 
catapult officer is held responsible for proper 
inspections, test, repairs, and preventive mainte- 
nance procedures of the catapult " . 

2. Catapult Chief. Under the catapult of- 
ficer, the catapult chief is responsible for proper 
operation, maintenance, cleanliness, ^d security 
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of the catapults assigned to tmu Some of the 
catapult chiefs duties are: 

a. Insure that all catapult personnel under 
his jurisdiction are tiiorowghly familiar with, 
applicable instructions. 

b» Supervise operation of the catapults 
duiing launching operations* 

c. Direct preparation of the catapults for 
launching *by insuring "that the proper 3-M 
preoperational inspections are performed in ac- 
cordance' with the applicable MRCV and re- 
ported to the catapult officer prior to each'day*s 
operation. 

d. Insure 'that all changes and bulletins aie 
complied .with. 

e. Insure that only ^thoriz^wi personnel . 
axe permitted in the catapult spaces. 
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f. Insure that safety precautions set forth 
in pertinent instmctions are rigidly adhered to at 
all times: - ' ' 

g. Report any malfunction or any unusxial 
circumstances involving the catapults inrmiediate- 
ly to the catapult ofScer. No m^or part of the 
catapult machinery may be disassembled for 
repairs without first obtaining authorization 
from the catapult officer or hi^er authori^ty^u^ 

h. Direct and supervise al^ repairs pertain- 
ing to his assigned catapults. 

L Insure that the training program * is- 
carried out* . ^ 

j. Han,, schedule, and control the'ac- 
.complisUment of the Planned Maintenance 
System.' ' * , 




Figure 4-11.— Auxiliary control and Ifght panels. 
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k. *Perfonn such other duties as may be 
assigned. 

The catapult chief reports to the catapult 
officer and Ihe assistant catapult officer, all 
other personnel assigned to his catapults report 
to the chief vi.a their supervising petty officers. 

The catapult chief needs more than technical 
skill. He must assume responsibility, not only 
for his own v/oxk but also for tiiat of the ABE's 
who serve under him. He is the master techni- 
cian, leader, supervisor, inspector, and instruc- 
tor. The catapult chief must train a first class 
petty officer to take over for him in his absence. 

3. Catapult Captain. The catapult captan is 
directly responsible for proper oj^ration, main- 
tenance,* cleanliness, aftd^s^aii1ty%his*akipied 
catapult His duties and responsibilities include 
the foUowing: 

a. Insure that all personnel operating any 
part of the catapult 'machinery are thoroughly 
trained and qualified to perform such duties. 

b. Perform the preoperational inspection 
and inform the catapult chief of the operational 
statusof the catapult 

c. Insure that all stations are "manneiand 
ready** for and during flight operations and 
reporting same to the catapult chief or officer. ' 

d. Insure that all peisoimel in his grew are 
familiar with damage control instructions. 

e. Insure that all instructions and safety 
precautions are posted and that personnel are 
, familiar with such instructions. 

f. Insure that no one operates any station 
witliout proper authorization. 

g. Insure that catapult changes and bulle- 
tins are complied with. 

. h.* Maintain daily maintenance and shot 
logs. . ' • 

^ i. Insure that all unauthorized personnel 
stand clear of catapult spaces boA during flight 
operations and nonoperating periods. 

j. Observe safety precautions at all times. 

k. Adhere to afl operating instructions as 
outlined in directives from higher authority. 

1. Perform such other duties as may be 
assigned. 

The catapult captain' is responsible for each* 
man in his crew. He rnay never disassemble any 
portion of the catapult without first obtaining 
permission from the catapult chief. 



The catapult chief may assume the duties of 
the patapult officer only upon the specific 
authorization of the, air officer. The catapult 
diief reports to the catapult officer and the 
personnel assigned to a catapult captain's re- 
spective catapult crew report to him. 

^. Deck Edge Operator. The deck edge 
operator, although ^gned under the catapult 
captain, is directly responsible to the catapult 
officer during launching Operations. This oper- 
ator must carry out the orders and signals of the 
catapult officer under all circumstances. He 
must be thoroughly familiar with all catapult 
agnals (both verbal and visu^), the sequence of 
operation, and the r^ulting mecbajjic^ ^Stions ^ 
'^'assodatecl* witli the deck edge control station, 
including the proper use of communications 
between all 'other stations directly concerned 
with firing the catapult He must be .thoroughly 
familiar with the emergency hang fire proce- 
dures. 

5. Console Operator. The catapult console 
operator, under the catapult captain, is responsi- 
ble for proper operation, maintenance, cleanli- 
ness, and security of the console panel .and 
associated mechanisms. He should also be 
thoroughly familiar with the sequence of oper- 
ations resulting from his console movements. In 
addition, he should .be familiar with the opera- 
tions of the deck edge operator and the retract 
engine operator. He is normally assigned the 
following duties and responsibilities: 

a. Be thoroughly familiar with the opera- 
tion of the console and its component parts. 

b. Insure that only qualified personnel 
operate the console. . 

c. Insure immediate manning of the con- 
sole at the sounding of FLIGHT QUARTERS. 

d. Remain on SUs station unless directed 
otherwise by the cataj^ylt captain or higher 
authority- / 

e. Keep unauthorized persoimel out of the 
console room at all times. 

f. Observe safety precautions at aU times. 

g. .Carry out existing damage control in- 
structions. . , • . 

h. Adhere to catapult operating instruc- 
tions as outlined from higher authority. • 

i. Insure that proper Sound-powered 
phone procedures are utilized at -all times. 
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j. Be thorou^y familiar with the emer- 
gency^ang fire procedures. ^ 

TTie console operator must never deviate from 
the designated launching pressures as prescribed 
by the catapult officer. ^ 

6. Water Brake Operator. Under the cata- 
pult captain, the water brake operator is re- 
sponsible for proper operation, mamtenance, 
cleanliness, and security of the water brake 
equipment assigned to him* He also has the 
responsibility of suspending the catapult due to 
a malfunction of the water brakes. This is 
accomplished by throwing his suspend switch on 
C-13^Catapults, and by calling for a suspend over 
the sound-powered phone system when oper- 
ating C-7/ II catapults. 

7. Retraction Engine Operator. The retrac- . 
tion engine operator, under the catapult captain, 
is responsible for proper operation, mainte- 
nance,/ cleanliness, and security of his assigned 
retracting engine. He must be- thoroughly famil- 
iar with the sequence of operations and the 
mechanics associated with the retract control 
panel. His duties and responsibilities pre joutlined 
in the following list: , 

a- Insure immediate manning of the retrec- 
ting engine when FLIGHT QUARTERS lis. 
sounded. 

b. Insure that^-"properN^und- powered 
phone procedures are used at all times. 

c. Inform the deck edge operator of any 
malftmctions Immediately in order that the 
catapult -officer and/or catapult captain may be 
notified. 

d. Keep the en^eroom clear of unauthor- 
ized p'^rsonnel at all times. 

e. Allow only qualified personnel to ope^ 
ate machiner;'. 

. f. Supervise the training of assistant re- 
tracting engine operators, 

g. Observe .safety pr^utions at all times. 

h. Insure that m personnel working with 
the retracting engine are aware of. existing 
damage control instructions. 

i Adhere to operating instructions as out- 
lined in directives from hi^er authority. 

j. Perfonn such other duties as may be* 
assigned. 



The retraction engine operator repor 

a. Catapult officer. 

b. Catapult chief petty officer. 

c. Catapult captam. ' 

All personnel assigned to his engineroom 
- report to the engineroom operator! 

8. Chronograph Operator. This ipan is also 
' supervised by the catapult captain. He is respon- 
sible for proper operatipn, ipaintenance, cleanli- 
ness, and security of the chronograph machine, 
component paits, and chronograph compart- 
ment During- catapult operations, his job is to 

, operate the chronograph machine and convert 
readings to ascertain shuttle end speeds, and 
report end speeds to the main control console. 

9. Recorder* The recorder is responsible Xo 
the console petty officer and the catapult, 
captain for maintairiing the catapult logs in an 
up-to-date status. He records data such as the 
following for each launch: catapult shot num- 

. ber; date and tirne; aircraft type; CSV setting, 
weight, and side number; wind over the deck; 
,steam pre^ure before and after launch; cylinder 
elongation; end speed; launch valve clock timer 
indicators; and such other information as the 
catapult officer or other authority may cause to 
be kept 

10. Topside Petty Officer. Under the catapult 
,captain, the topside petty officer is responsible 
for proper holdback and bridle/pendant hookup 
during launching operations, safety of all per- 
sonnel in the hookup crew, and for maintaining 
a usage log for launching accessories (bridles, 
bars, pendants, holdbacks, etc). He is responsible 
for the inspection, li/brication and functional 
testing of: 

a* Jet blast deflectors. 

b. Launching access)t{nes. 

a All topside gear. 
The following personnel report to the topside 
petty officer: holdback man/crew, bridle hook- 
up man/crew, bndle arrester crew, and jet blast 
deflector operator.. 

1 1. Holdback Crew. The hol^ck crew, un- 
der the topside petty officer, is responsible for 
proper holdback and hookup procedures. In 
addition, it is responsible for* maintenance, 
cleanliness, and security of the, holdback assem- 
blies and tension bars. 

12. Bridle Hookup Crew. This crew is respon- 
sible for proper bridle hookup, and main- 
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tenance, cleanliness, and security o/ feidles/ 
pendants and .bridle stowage comparfments. 
They "are supervised in the pflerfonnance of their 
duties by the topside petty officer and the 
cafapult captain. 

13. Bridle Arrester Operator. *The bridle 
arrester/nose tow operator, upder the catapult 
captain, is directly responsible to the^tapult 
officer during launching operations. This oper- 
ator carries out orders of the topside safety 
^tty officer and aircraft spotter, as applicable, 
and is responsible for the bridle arrester and 
nose tow equipment, inclu^ling operation, main- 

^ tenance, cleanliness, and lubrication. 

14. Jet Blast Deflector Operator. The jet 
blast deflector operator, under the topside petty 
officer and catapult captain, is responsible for 
safe and proper operation of his assigned blast 
deflector. He is also charged with maintenance, 
cleanliness, and security of his deflector and its 
•associated equipment 

15. Catapult Center l)§ck Operator. The cen- 
ter deck operator, under the catapult captain, is 
responsible to the catapult officer during launch- 
ing operations for relaying the correct steam 
pressure settings (CSV setting) from the 'catapult 
officer to the console operator, and for monitor- 
ing the. settings with a steam pressure gage 
located in the center deck control station. He is 
responsible for maintenance, cleanline^, and 
security of the center deck control station. 

16. Catapult Bow Safety Man. The bow 
safety man, under the topside petty officer and 
the catapult captain, is responsible for insuring 
that personnel and equipment are clear of the 
catwalks and flight deck area'at the forward end 
of the catapults. He is equipped with sound- 
powered phones for voice communications with 
the deck^ edge operator. He also controls the 
bow safety lights (red or green) during night 
operations to indicate to the catapult officer and 
deck edge operator a safe or unsafe deck. 



MAINTENANCE PROCEDURES , 

The instnictions contained in this section ^ 
limited to maintenance procedures that are to be 
performed by personnel v/ho operate and main- 
tain this equipment U should be borne in mind 
that of the material that foUows, such* as-. 



tolerances, pressures^ ^inspection ..requirement 
etc., some are subject to ' change based 
accumulated operational and maintenance d| 

When actudly performing- the procedures 
discussed, use of the applicable Mainteii 

. Requirements Cards is mandatory, however; 
they, should be considered the minimum rather 
than the maximum amount of maintenance to 
be performed 

It is essential that aH maintenance persoimel 
be thoroughly familiar with and knowledgeable 
of the operational functioning of the catapult 
Hiis intimate ^understanding of the machinery 

, enables the trained observer to detect any 
abnormal operation and correct a potential 
cause of tr6uble before a breakdown occurs* 
Visual inspections are not enough, because the 
majority of catapult components are hiddfen 

' from view. ' • ' 

The following notes apply to general .main- 
tenance throujghout the entire catapult: 

1. Keep* the entire catapult as clean as* 
ppssible. Wipe down daily to remove excess 
grease, oil, and dirt Remove rust, and paint as 
often as necessaiy. Do not paint threads 
finished .surfaces. If these surfaces are painted in 
•error, use paint remover to remove, the paint 

2. Check for loose or damaged bolts, screws, 
and nuts. Tighten or replace as necessaiy. Grease 
replacement fasteneis to retard rusting. Ifi^* 
pressure joints are likely, to leak if unequal bolt"* 
tension exists; therefore, all bolts must be 
torqued equally if sealhig ability^ is to be 
maintained. Replacement bolts must b^ equal to 
or greater in strength than the ori&nal bolt Use 
proper tools at all times. 

3. Check frequently for hydraulic and pneu- 
matic leaks. These can occur at any time. 

4. Inspect, clean, and oil aU machined sur- 
faces regulariy. The moist sglt air to which the 
catapult, machinery is exposed induces a strong 
corrosive, effect on steel. .Grease the extended 
portion of piston rods when it is an^{)ated that 
the catapult will be inactive for a week or 
longer. This prevents rxist and preserves the 
finish. Wipe off excess greaser when the catapult 
is reactivated. 

5. fie constantly alert for unusual sounds or 
action of the machinery. Report any uilusual 
condition to the catapult officer for immediate 
investigation. 
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6. Each, day, during peri,ods when the 
.'catapult is inactive, run all pumps and actuate all 

retraction engine valves if possible. 

7. Check condition and amount of spare 
tools, tension bars, and bridles/pendants on 
hand against allowance lists. Requisition antici- 
pated needs on a ipqnthly basis. 

8< -Whenever components are cleaned with 
an dikaline material, be sure. Jhat. the residue is. 
completely removed before reassembly. This is 
n€c€^ary to prevent . formation of soapy 
products in lubrication systems .and close toler- 
ance-components. Use a jet ofwjet steam from a 
suitable nozzle for .this purpose whenever pos- 
sible. In all other instances,- remove alkadine 
residues by repeated flushing and bmshing with 
a nuneral spirit sobeni Pay, particular attention 
to. crevices, holes, and cavitieS. ^here such 
' residue may accumulate. After parts hav^ dried, 
4lok for surface fihn or powder indicative of 
incomplete removal of alkaline material. Any 
such indication will require lecleaning with wet 
steam or solvent 

* 9. Finished surfaces of machined or plated 
parts should not be buffed, abraded with wire^ 
brushes or abrasive doth, or polished with any ' 
polishing compound for the purpose of re- 
moving discoloration or, restoring smoothness. 

* Exercise caution in handling and storing these 
parts to avoid:js^acatching»and indentation, since 
» fatigue- failures may f)egin at sections weakened 

* by such local dimensipnal reduction. > . 

10. Do not blast any piston skirts or ring 
grooves with any but the finest vapor blast grit 
or fine soft grit po not use any form of scraper 
to cle^ ring grooves, since any scratch or root 

. fillet will we^en glands and increase the pos- 
sitjility of ring ^eizure^ 

'th^ following definitions apply to terms-used 
to describe the kinds of .damage for which parts 
should be inspected during rCutine inspection 

. and'^oublesTiooting: 

1. Abrasion* Wearing away <3f a. surface by 
friction, either by mptioh whye in contact ^th 
another part or'^ by mechanical cleaping or 

' resurfac^g with abrasive cloth or lappingj:om- 
pound. - • ■ • 

2. - Binding- Stopping oj^peding mption 
between two surfaces due to foreign matter,, 
unequal expansion, o\ unequal wear between 
surfaces. _ 



3. B^irr^ A^sharil^rojection of metal from 
an edge, usually thjfeesult of drilling, boring, 
countersinking, etc.,^^t may also'be caused by 
excessive ^wear of one or both surfaces adjacent 
to the burred edge. 

4. Concentricity. Having a common center; 
usually refers to the. closeness of tolerance 

-^between the conlmon center qf tWo or more 
circles (bore and OD bore, bolt and circle 
diameters, etc.). 

5. Corrosi<)n. Deterioration of a surface, 
usually caused by oxidation of metal". ^ • 

^. Deformation. Deforming of a component 
due to overstressing or repeated u|^ge. 

7. ' Elongation. An increase in length due to 
stretching, heating, hammering, etc. 

8. Erosion. Pitting or eating away of metal 
due to action of steam, chemicals, water, or 
atmosphere. 

9. Fretting. Scuffing or deterioration of a 
TnetaTsurface ^used by vibration or chattering 
against another part Ai^ed steel surface may 
appear dull, scuffed, .o^^oded, depending on 
tile 'length- of tim^^^ected to the action, 
dissimilarity and kino^f contacting metal, and 
piesence or absence of moisture. ^ * 

. lO. Misalinement'Parts nptin correct related 
positions as specified on manufacturing draw; 

IJ. Pitting-^mall, deep cavities ^v^th sharp 
* edges. May be caused in hardened st?el surfaces 
by high imjpacts, or in any smooth st$el parts "by 
oxidation. ' . 

12. Scoring. Deep grooves in a surface caused 
by abrasion when fine^ hard particles are forped 
between moving- surfaces, as in a bearing- and 
jojAmal, or by galling when a moving partis not 
supplied with lubricant ' ^' t ' 

13. Securing. Tightness,. snu& fit between 
. ielated parts. \ \ ' 

14.. Siiearins. Cutting, caused by force a|>- 
. plied perpendicular to m^uor ax& of a confi- . 
ponent' ' - ♦'^ 

. 15. Warping: Bending' or twisting out df 
1 shape in an iri^gular maimer- . r . 

LAUNCHING ENGINE SYSTEM" ^ 

The launchirig en^e and ^jts associated com- 
•ponents are disassembled in the.,fop owing order: 
1. Trough covers, V * - ^ ,^ ^• 
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2. Strip tensioner. 
^ 3. Sealing strip. 

4. Expansion indicator. 
* 5. Cylinder covers. 
' ' 6.' Water brake cylinders. 

7. Shuttle. ' , 

8. Pistons. ' 

9. .Cylinder elongation indicator. 
10. Launching en^e cylinders. 

It is not necessary to remove the trapsition 
section^ thrust ximt, and thrust unit support 
unless a crack or other defect is noted in one of. 
these units. ^ 

All components Upstream of the thrust unit, 
including the flow control valve, are under the 
cognizance of Naval Ship Systems Command. 

The trough, deck plates, supporting structure, 
and piping (except where otherwise' specified) 
also come under NavShipSysCom, and matters 
pertaining to these components should be 
referred directly thereto.. 

Past" experience has shown 'that salt atmos- 
phere, steam leakage, and high ambient tempera- 
tures cause rapid rusting of 3crews and bolts 
" vised in the launching engine compcjnents. this 
condition can seriously impede replacement or 
repair of a catapult component. Therefore, a 
schedule is set up to remove trough covps and 
deck plates pvery 6 months (preferably just prior 
to deployment) and replace bplts, screws, and 
nuts as necessary. Grease all replacement 
fasteners with a suitable high, temperature 
lubjicant to retard rusting. 

Inspection and Removal pf , 
Pistonsvand Spears ^ • • 

Repturs to tiic piston assembly may be made 
L as a result of inspection or a malfunctioi^^Minor 
repairs are' those which may be observed and 
repaired* without removlal of the piston assembly n 
from the catapult. Due to the basic function of 
^ the pistons in the operation of the catapult^ it 
may-* be necessary rto make major repairs as well 
as minor repairs in ojfder to keep the catapult in 
operation. , * ' 

Piston assemblies must be supplied, installed,' 
and 'stocked in matched piirs, and the fwo 
^ ^assemblies of each pair* must weigh within 10 
pounds of each other. , The scale ^weight in 




pounds and ounCes is stamped on the side of the 
barrel in black letters at least"2 inches high. . 

The spear, piston, guide, and barrel must be. -» 
inspected as noted below. This inspection -may 
be accomplished without removing the piston 
from the^n^e cylinder. 
^ SPEAR,— The spears are inspectedas follov/s: 

1. Withdraw the spears past the Meral open- » 
ings (cutoff sections) of the 9-foot forward 
cylinders fo a point where the forward edges of 
the water deflector rings are immediately inside * \ 
the solid walled section at fhe aft end of the 
9-foot cylinders. ^ ^ 

1 Examine the circumference of the water 
deflector rings for signs of scraping against the 
cylinder walls. If any evidence of scraping is 
fourid, investigate for water deflector ring flaring 
and/or piston guide wear. 
. 3. If iiu evidence of scrapkig is found, use 
feeler gages to determine the clearance 'diirien- 
sion at the FORWARD .EXTREMITY (bottom 
side) of , the water deflector ring. If clearance 
between the deflector ring and cylinder wall.is 
' reduced to 0.031 inch or less, due to flaring of 
the deflector ring, the spear must be rotated 90 
degrees at the earliest possible opportunity. 
However, vnth daily inspection of the deflector 
ring, operations may contiriue until the clear- 
ance is reduced .to 0.010 inch, after which 
operations 'must cease until the spear is rotated 
or replaced. 

4. It should be noted that reduction, of 
clearance between the deflector ring and 
cylinder wall is not always due to flare of the 
deflector ring. With ciiJier the reinforced type 
spear or the new contour type spear, reduction 
of clearance to helbw 0.031 inch has been found 
to be caused by GUIDE wear. , ' , , 

5- iLa_spe2rJiasJ}eeruot^d three times due 
to flare of the deflector ringjt^must be removed 
and replaced. If possible, the* spear should be 
salvaged for further use. . ^ 

PISTON GUIDE.-The piston guide is 
inspected as follows: 

1. M6ve the ^piston assemblies into the 9-foot 
forward power cylinders until a position is 
reached where the piston guides begin to enter 
the aft end of the lateral openings (cutout 
sections). 
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;2. Using. ffe^ler, gages, determine, piston guide 
wear by measurm#water deflector ring clearance 
at^ AFT. EXTREMITY with lower portion of the 
cylinder. If this jplearance is 0.047 inch ot less, 
replace guides at earliest opportunity. In no case 
is the guide to be used if tfie clearance is 0.031 
inch or less* \ - 

STEAM PISTONS. -Measure the piston dia- 
meter at two places by using the method 
" described below: 

1. Tow piston assemblies itFT'^mto the inter- 
mediate . power cylinders until a position is • 
reached where the, spears will be clpar of the 

' solid walled section at the aft ^nd of the 9-foot 
forward cylinders. \ / 

2. Measure the ID of each 9-foot forward 
cylinder at >two places, approximately I o'clock 
and 11 o^clock on each side of the cylinder's 
centerline; at a poiijkt 13 inch^ forw^d of the 
9-foot cylinder flange joints. Record these 
'measurements. 

3. Tow ' piston assemblies forward "until 
bottomed 'ur the water brakes; then measure 
with feeler gages the dimension between tiie 
cylinder wall and outside diariieter of tiie piston. 
Measurements are taken at both top ahd bottom 
of the piston at the 1 o'clock and 1 1 o'clock 
positions* I^ecord thesfe^ measurements. 

4. Add together the top and bottom f^ler 
gage dimensions for the 1 o'clock position; thejl , 
subtract this total from the ID dimension of the 
cylinder taken at the 1 o'clock position. The 
difference gives the OD of the piston at this 
particular point. Add together the top and 
bottom dimensions for the 11 o'clock position; 
then, find the OD of the piston at this particular 
point'Record all me.asurements* 

, \S. If wear on the piston, at the points 
described abpve, has reduced the OD to 17J81 
inches or less, replace the piston at fhe earliest 
.possible opi>ortunity. If piston OD is 17.750 
inches or loB^ the -piston must be recced 
immediately. (Check these tolerances gainst 
current applicable technical publications, ^ftey 
are subject to change.) 

. 'Whenever a piston (fig.^4-12X has to be 
replaced, it is,recommei\ded that a scribemaric or 
series of punchmarks be put on the "leading 
' edge" of each nevd piston at points three 
thirty-seconds inch from the OD at the bottom 
of the piston, and one thirty-seconds from the 



OD al the top of the piston. These marks cm 
facilitate piston inspection if they are used as a 
guide for determining maximum wear on a 
piston, if a piston is worn up to or beyond these 
marks, it ^ould be removed at the earliest 
.opportunity. Piston wear not reaching these 
marks is considered within acceptable wear 
limits. ' ' ^ 

Runaway Shot Inspections * 

. Immediately afttfr a runaway shot (end speed 
over 185 Icnots) certain components of the 
catapult must be inspected for damage. The 
determining factor on* the type of inspection 
that has to be made is the shuttle end speed. 

If the end speed recorded is between 186 
knots and 250 knpts (or as specified in the 
current technical publication) the following 
inspection must be performed. 

NOTE: Blow down the steam in the steam 
receiver to zero pr^siire and keep the blowdoWn 
valve open prior to entering tfie water brake 
reservoir. - - 

1. Examine the §huttle ramp pin for bendmg 
and replace if deiformation exceeds 0.010 inch, 
or if elongation, shearing, or cracks exist 

2. Ehter the water brake tank, reservoir and 
inspect the entire screened area for loose or 
broken pieces. Inspect all visible portions of the 
launching pistons, 9-foot cylinder sections, and 
adjacent components. ^" 

' If an end speed between 250 knpts and 275 
knots is recorded, perform the following 
inspections in addition to those listed above: 

1. Inspect piston guides. Tighten any loose 
piston guide" bolts and secure with lockwire. 

2. Check clearance between the spear deflec- 
tor ring and cylinder walls at various stations 

, around the circumference for radial flaring. 
Check condition of spear^ ^ ^ 

3. Check shuttle connector and strip-guide 
attaching bolts to see that they are in place and 
not sheared. Look for evidence of deformation 
of fasteners^and elongation of holes, and cracked 
welds* 

4. Inspect visible "portions of launching 
pistons for cracks, paying particular attention to 
the upper forward edge aft of the cylinder cover 
seal Stud boss« 
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Figure piston as^mbiy. 
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Check tfte watej supply hose and tighten 
any loose hose fittings. Check piston barrel lug. 
(>. Check the clearance between^ tiie'annulus 
' rin ; ^and jet ring, keplace any loose jet ring 

^SCTJWS. . • 

^ 7. Inspect the cylinder cover 'Seal assemblfes. 

I f the components mentioned - above are 
' foind tp be free Xrom defects and clearances are 
satsfactory, observe the retraction. If the retrac- 
tion is normal, catapult launching operations 
may be.Gontmued. ^- . 
, ft the . runaway sliot caused a shuttle end 
spe|d df 275 to 3Qd knots, do the following: 
1. Pgiform stepsJ through 7^as above. ' 
_ 2. Pay pa rticular attention to pitting of 
^spears, deion^tion of birackets, and other'signs 
of strain. Take spear measurements at varipus 
stations and check for correctness. 



3. JnspectNall visible portions of the shuttie 
- Vi 4. Check cInJce ring Measurements. 

5. Look for aearances developing between 
stools and bearing plates. of tife forward power 
cylinder sections 

6\ Remove any lodse jbt ring screws and/, 
check for "necking down?\If necking down is 
evident on loose scre\^, check 'all Others jn the 
vicinity by removing and measuring. (See fig. 
^4-13.) Replace all loose screwg;^ torque all 
replacement screws to 2^5-255 ft-I 

7. Check concentricity of annulug ring and 
choke ring. ' , ^ ■ ^ ^ 

8. Check visible portion of the Bronze 
piston, guide, paying particular attention to the 
shoulders of boltholes where deformation or 
fractures may b^ evident 
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9. Check, and tighten any loose spear 
securing screws., ' ^- ^ . 

10. Ihecjc for cracks in the web oi, the 
forward ppwer cylinder section slot at the 
forward end above the. water -brake cylinder. 



11. Checlr tightness, of iCtt ' visible bearing 
pa^s, blocks, and strips-.on the-connector'iici 
•guide. ■ . ■ ' 

12. Perform . tow ' test of the shuttle iid 
piston assenibly, using a- dynafnomete'r Measure 




1. 



la. 
lb.. 

2. 

3. 

4. 

5. 

6. 

7. 

9. 
10. 



Screw. 
Screw. 
Dowel pin. 
Left clamp. 
Ri^t clamp 
Sup(^rt 

Lo^kwire. 

Bolt 

Pin. 

Body. 

Vane." 



11. End plug. 

12. SelMocking screw. 
ia Setf^focking screw. 

14. Strikeirring. 

15. Screw. 

16. Jet ring. 

17. Jet ring. 

18« Annulusring. 
19; Oring. . 

20. Choice ring. 

21. Screw. 
22;^ Plug. 



23. Body. < 

24. 0«>ing. 
7B. Plug. 

26. Gasket 

27. Cylinder. 

28. Cylinder. , 

29. Choke-ring-seat (Ref)- 
for repair only. 

30. Shim. * 
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Figure 4-13.-Watar brake assembly, exploded yieft. 



65 



AVIATION-BOATSWAIN'S MATE E 1. & C 



the average force required to pull at a constant 
velocity. It shmiid .ftpt exceed normal tqwing 
force ^or.lhe catapult, whichJ i^ 1,500 pounds. 

13. Repair any defects ijoted above prior to 
any {urtjxer operations. 

14. Inspect the^ cylinder cover seals for 
cracks. ' ' 

• - ' . 

If there is a runaway shot in which . the shuttle 
end speejd is in excess of 300 knots, do all of the 
above arid, in addition, lift the track covers at 
the water ,bfakes ^d inspect the launching 
shuttle. Look foi; bowing of the frame, loose or 
deformed rollers, looseness of roller shafts, and 
cracking or deformation of members and driving 
lug^.-.^ \ 

Whenever replacing a choke ring, always^ 
check the choke ring NAEC part number. Some 
choke rings can be used opW with/a water brake 
spear having a certain NAEC part jiumber. 

PISTON REMOVAL. -Due to formal wear or 
to a malfunction of the catapult, it niay be 
deemed necessary to remove and replace tfie , 
piston assemblies. This job can be accomplished 
while at sea. If, you are the senior ABE in a 
steam catapult" crew, the *responsibiUty for this 
repair procedure falls on your shoulders. The. 
applicable manual of overhaul arid maintenance 
instructions for the type catapult installed 
aboard yxiur ship will have a step-by-step proce- 
dure to follow in removal of these components. 
Some of the important steps are: 

1. Secure all preheating* and blowdown 
receivers and the hydrayj[j: System, and close the 
main steam valve. ^ 

2. Move\the shuttle approximately 50 ffeet 
aft of the wajer brake cylinders. 

3. Remp<;e . the trough covers and deck 
plates. ' ' 

4. Place the tension tool over the end of the 
strip tensidner rod and tighten the bolt on the 
tpof to compress the tensioner^pring and release 
tension on tlie sealingstrip. 

5 Dh£OWQSt the sealing strip from the 
strip terisioner gui^fig. 4- 1 4 (A)). 

6. Disconnect and remove any structural 
piping supports which would interfere with 
lifting the 9-foot cyliiiders. ' '^'^'^ ' 

7. Remove the retaining bar and two retain- 
ing guides from betweemlhe forw^d ends of the 
9-foot cylinders (fig. 4-1 4\(B)). * • ^ 



8. Disconnect the two forward cylinder 
cove;rs on each cylinder and remove the forward 
cover from each side. Removal of the forward 
covers from the 9-foot sections requires breaking 
the butt joints' and pulling covers forward about 
6 inches followed by riiovement of the covers in 
an inboard and downward direction prior to 
lifting (fig. 4-14 (C)).' 

NOTE. After the forward cylinder covers are 
removed, remove the sealing strip guide and 
inspect it for signs of wear and corrosion. 

9. Disconnect the lubrication lines leading 
to the second cylinder cover aft on each fow of 
c>linders and remove the covers by pushing 
them forward and lifting at the same time 
disengaging 'the seal.ing strip. Removal of these 
coven provides freedom of movement when the 
sealiiig strip is shifted to one side. 

* 16. Remove the bolts securing the 'water 
#i»rake splash plates to the 9-fool cylinder sec-* 
tions. The bottom plate may not be removable 
prior to lifting the cylinders. In this case secure 
the bottom plate to the 9-foot cylinder with 
safety wire or light line. Care must be taken to 
mark the forward end of the bottom spla^ plate 
to insyre proper reinstallation. 

1 1. if necessary, remove the upper and lower 
track support bars to expedite removal of the 
9-foot cylinders. This is not always necessary. 

12. Remove the bolts that secure the water - 
brake clamps to the buttress plate and lift the 
water brake claftips, looser] but do not remove 
the supports to the buttress plate to allow for 
removal of the*chock. Screw an eyebolt into the* 
chock and lift the chock away from the 
cylinder. ' . ^ - 

13. Slowdown the cable equalizer^ on the 
retracting engine and run out adjusting and 
locking nut on the equalizers to thrpw maxi- 
mum slack in the towing cables. Keep count of- 
the number of turns made on each adjusting Yiut 
so that up(5n reassembly it wiH be easy to return 
the cable equalizer to i|s; original adjustmeht 

14. Kow bring /the piston-shuUle assembly*' 
forward to aHow ;emoval of the shuttle, taking 
precaution to prevent the shuttle from dropping. 
Lift the shuttle from the pistons and remove it 
with a suitable hoist (fig. 4-14 (D)). 

15. Move the piston assembly aft until the tip 
of the spear clears the 9-foot section. 
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Figure 4-14.-Piston removal. 



CAUTION: The sealing strip must be 
- anchored with a chain -fall before moving the 
pistons aft ^ 

16, After removing the studs, nuts, spacers, 
and clamps from* both 9-foot power cylinders, 
move the 9-fdot power cylinders forward ap- 
proximately 2 inches onto the water brake 
cylinders. This can be accomplis^ied-by means of 
a . cylinder jack (fig. 4-15), a hydraulic jack, or 
by a chdinM rigged on deck. 

1 7. Pull the forward part of the sealing strip 
• an3 cables to the side ^opposite the cylinder to 

be removed. This will result in ample clearance 




1 



to remove a 9-foot forward power cylinder 
section and water brake assembly. Handle the 
sealing strip with care. If it is necessary to roU 
up the strip, the inside diameter mu^t not be less 
than 16 feet. Do not twist er kink the sealing 
strip, JOS this may cause permanent deformation. 

18*, Rig for removal of the water brake and 
9-foot forward power cylinder section. Be sure'^ 
that the hoist or crane" can safely handle tiie 
1 l,000-ppun(i assembly. A hydraulic jack should 
be installed under the water brake to assist in 
breaking it loose. Remove the cylmder sectk)n 
and'place it on the deck,* * ^ ' 
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1. Cylinder. 
2L End flange. 

4. Hose. 



6. Hose aid valve ammbfy. 

7. Pump. 



Figure 4'15--Cylinder jack. 
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' 19. Remove the piston hy pulling it forward 
with a chainfalL As it is being removed, place a 
loop around the spear^ after first protecting its 
finely machined surfa^with nags or packing. As 
the piston barrel is exp)sed, place another loop 
on the after end ot the assembly between the 
piston barrel and the strip guide.. The rigging^ 
^ should ?be capable of handling an approximate" 
2,000^pound assembly. This rig^g should be 
secured to the crash CTane. Provide adequate 
blocking under .the assembly as it is being 
reinoYgjd to prevent a down drop. After the 
piston is removed, place it on the deck (fig. 4-14 



20. After removal of the. piston the same 
"procedure is to be followed if the other cylinder 
and piston are to be removed. Reassembly is the 
reverse of the steps outlined above. When 
reassembling, grease is applied liberally to the 
chocks and brackets. Also apply grease to all 
--bolts and screws to retard rusting,. 



LUBRICATION SYSTEM 



. The hibricatiorf system control valve is the 
coimectiori between the lubrication system and 
the control system.^ It is a .three-v/ay valve, 
actuated piieumatically vviien.^the lubrication 
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solenoid valve is energized. The solenoid valve is 

* energized automatically at the FINAL READY 
and RETRACT catapult conditions, or manually 
when the LUBRICATION pushbutton on the 
cdntrol console is depressed for approximately 

. 10 seconds. This admits 150-psi air pressure into 
tiie control valve and permits the hydraulic 
' pressure to reach the metering injector pistons 
which send a pressurized shot of lubricant 
through the injector nozzles, located in the 
cylinder covers, into the launch cylinders. 

Manual lubrication is required prior to 
maneuvering for other than a short distance such 
as during bridle tensioningT^ 

Trpubleshooting the 
^ ' Lubrication System - 

If ,the lubrication system as a whole is 

• inoperative, the probable cause is an empty 
. hibjicant supply, tank, lo^of 150-psi air**supply, 

or an electrical malfunction; fill the tank or 
check the ej^ctrical components and con- 
nections- . ^ . 
_ iXhe^rJuferication tanlj.. when full, holds ap- 
"f^^ately 22» gaUons. It is located at the 
J micjpoint^ of- the power cylinders to provide 
V ^ equal distribution of the lubricant 

' . It there are Jeaky hose fittings or inoperative 
.^•^ -mjector nozzles, it is pejfciissible ^to plug lines 
* temporarily; however, these ;gbould be jepaired 
as soon as operations pemiit - ^ ^ 

' Inspect the hibrication system, using the 
Lubrication System Periodic Inspection Chart 
found" in the applicable mdntenance .require^ 
ment cards. 

During operations, keep th^ lubrication pump 
lunning. 



STEAM SYSTEM 

Steam for operation of t^ie catapult is sup- 
plied from the ship's main propulaon boileis, 
^The steam piping andj^goints are installcSd in 
* accordance with applicable sections of Naval 
Ship Systems Command Manual. In addition to 
supplying steam to drive the pistons, the steam 
system is used to preheat thc^launching cylinders, 
before firing the catapult Preheating is ac- 
complished by admitting steam into the finned 



tubing which runs the entire length of the 
catapult trough, or' if shuttle and pistons -are 
forward at the water brake, by admitting steam 
directly* into the launching enguie cylinders 
throu^ the steam bypass valve. -The flow 
control valve controls, the flow of steam from 
the ship's boilers to the steam receivers. The 
steain receivers store the steam near the catapult 
for use during launching operations. 
One of the most important lubrication points, 
\ dirring the time the catapult is being t)ieheat£i 
or is cooling off to ambient temperature, is the 
power cyli^^er foot pads which are. located in 
the bottom of the catapult trough and provide a 
bearing surface for the power cylinders during 
expansion or contractioju Lubrication of the 
foot pads is to be accomplished in accordance- 
'with current maintenance requirements cards. 
To insure the foot pads are actually taking 
grease, twenty complete grease gun strokes are 
required per fitting. It is recommended that the 
foot pads be greased prior to warming up the 
power cylinders, prior to cooling the cylinders 
to ambient temperature, or anytime salt water 
^ has entered the trough. 

Whenever the power cylinders are lifted, all 
foot pad "firfings should be cleaned, inspected, 
' and i^uitoped full of grease- to insure that .the 
fittings^apd lines are fl^ee of obstructions. 
' Whenever the launching cylinders are cooled 
to ambient temperature, visually inspect the 
bolts securing tiie exhaust tee and the 'first 
power cylinder, ' - 



Launchm]^ Vah^e 

The launching valve 'assemblies admit steam 
into tile power c\dinders to drive the> power 
pistons and to launch the aircraft They are 
located between the exhaust tees and the transl- 
ation unit^ and are essentially a set of hydraulical- 
ly operated gjobe type valves. The launching 
valves consist of a steam valve section, a lantern 
' sectioi^ where a trunnion connects botii launch^ 
valves together,* and a hydraulic-operatuj^ 
cylinder section. (See fig. 4-16.) / 
:Xocated on top of each launching valvfe is b 
. removable blank flange. These flanges -^e used 
td' bleed air from the system prior to hydrostatic 
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> 

TRACK CO^ 



STRIP TENSIONER 



SEAUNG STRIP 



THRUST UNIT 




LWNCHING// ORIFICE 
VALVES ^ EL80W 



£XHAUST VALVE' 



^ Figure 4-16.— Launching engine. 



testing of steam receivers and are accessible 
when the portable cover is removed. The lauiich- 
ing vaNes are operated hydraulically through the 
action of solenoid valves. The solenoids are 
energized and deenerj^zed by the electrical 
control system, admitting^ on releasing the" 
2,500-psi hydraulic fluid from the, retraction 
enpne accumulator to the launching valve 
operating cylinders by way of the launching 
vahre control valve- Each launching vahre 
operating cylinder is equipped with a jacket 
through which the fluid from the temperature 
control systen^ flows to maintain the cylinders 
at a constant temperature during operation. The 
launching valves and exhaust yab/h are hy-- 
draulically and electrically ihteriocked to 
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pj^vent opening of the exhaust vahre. while the 
launching valves are open. A connecting shaft 
(fig. 4-17) between the launching valves insures 
simultaneous opening and closing of the valves. 

The plotted metering rod, in -conjunction with 
the priin'aiy orifice, controls the rate of opening 
of the launching vaWes and provides consistent 
operation of the catapuljt for aircraft of different 
weights. The metering rod is located in tiie 
operating cylinder/ The primary orifice is' 
located in the piping between the launching 
valve control valve and port B of the operating 
cylinder. 

Variations in launching waive stroking rates J 
may sefokly affect catapult performance. The , 
launching v^e stroke timer provides a means of \ 
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STIEAM VALVES> 



NONRETURN VALVE 




LAUNCHIN6-VALVE-STR0KE- 
TIMER CAM AND SWITCH- 
INSTAliATION 



CONNECTING SHAFT 



LIMIT-SWITCH 
ACTUATINGARM 



TOP COVER-^' 
OPERATING CYLINDER 



SPINDLE 
OPENING CHAMBER 
CLOSING CHAMBER 
METERING ROD 



-LAUNCHING-VALVE 
LIMtT SWITCH (S3) 
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Figure 4-17.-Launchlng vafve assembly- 



detecting ^ deviations in the launching vahfe 
stroke* The tinier measures the length of time it 
takes the steam valve piston ^to move /through 
two predetermined distances during the launch- 
ing stroke. A cam mounted on one of the valves 
(fig, 4-17) actuates three ^switches whith start 
and stop two clocks located on the control 
^-console (fig. 4-9). The time it takes the steam 
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valve'piston to move three-fourths of an inch is 
indicated on one of the clocks; the time it takes 
to move 3 inches is indicated on the other clock, 
peviations in the launching Va^e stroke can be 
detected by comparing the timer readings with 
previously established timer readings. 

' Minor repairs consist of replacing defective 
packing rings, tightening fasteners* and correct- 
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ing alinement of dimit switch and valve com- 
ponents. Be sure hydraulic lines are completely 
depressurized before disconnecting them. 

Replacement of worn or 'defective parts of the 
launching valve operating cylinder may be ac- 
complished wdthout disassembly of the steam 
valve. Relative location of the components pf 
the operating cy linder is shdwn in figure 4-17. 

The nonreturn valve (fig. 4-17) is installed on 
the launching valve lantern. It prevents the 
exhaust valve from opening before the launching 
valves are completely closed. 

Minor repairs to the nonreturn valve consist 
of replacing Orings and §craper caps, stopping 
leakage, and making minor/adjustments. Be sure 
the valve is completely depressurized before 
disassembly. Replace all Orings and lockwire 
when reassembling. Reassemble carefully, 
keeping 0-rings properly located. Locate adjust- 
able striker very carefully to provide for proper 
operation. 

Adjust the striker on its bracket to allow the 
exhaust vahe to open when the launching valves 
have completely "closed, but not sooner. After 
adjustment, secure the striker in position with 
the locknut There is no lubrication required for 
the nonreturn Valve. 

Lubrication of the launching valves is as 
follows.^ Keep the oil cups on the launching 
valve operating cylinder- fulf of lube oil. As 
required, lubricate the fittings on the trunnion 
assembly. Foot pad grease is used as the lubri- 
cant Clean and lubricate all spindles, shafts, and 
sliding surfaces daily with lube oiL 

.The steam valves are essentially the same in 
the launching valves and the exhaust valve. Note 
the location of the steam valves in figure 4-17. 
The main difference between the launching and 
exhaust valve steam valves Is that the preheat 
piping (15, fig. 4-18) is found onlv on tiie 
launch valves. * - . 



Exhausl V^e 

*. ♦ 

Thexi| are two types of exhaust valves. One is 
the larifem type and the other is the butterfly 
type, ^ach one is hydraulically operated and 
"opens to release steam from the launching- 
en^e cylinders after the launch is completed. 



When tile steam pressure is removed from tiie 
cylinders the launching-engine pistons may b^ 

' returned to battery position. 

The lantern type exhaust valve (figure 4-19) 
used on the C-13' type catapults of aircraft 
carriers CVA-63 and -64 consists of a steam 
valve and an operating cylinder. The operating 
cylinder opens and closes the steam valve. When 
hydraulic flulidx&Om the exhaust-valve control 
valve enters the / operating-cylinder opening 
chamber, it move/ the spindle to open the ^teani 
valve. An orifice in the lower cover controls the 
rate of escape of fluid Qx)m the operating, 
cylinder. This stops t}ie moving parts fi'om 
slanuning open and possibly being damaged. 
During tiie closing stroke, the fluid enters tiie 
closing chanjber and acts on the spindle to close 
tile steam valve. Limit switch S4 is mounted on 

"'the lantern $i tiie exhaust valve, and when tiie 
exhaust valve is clewed, the limit switch is 
depressed by the upper cotjpling of the piston 
rod. When the exhaust valve opens, the upper 
coupling moves to the exhaust position and the 
limit switch is released. 

Construction and operation -of the launching 
and exhaust steam valves are sufficienfly alike to 
permit a discussion of both with reference to 

""only one illustration (fig. 4-18). For a view of 
the ejthaust valve operating cylinder refer to 
figu0 4-t9. * 

Nmior repairs to the exhaust valve consist of 
replacing defective packing, tightening fasteners, 
and correcting alinement of the limit switch and 
components. Be sure hydraulic lines are 
completely depressurized before disconnecting 
them. 

Replacement of worn or defective parts of the 
exhaust valve operating cylinder may be ao 
complished witiiout ^xBsassembly of tiie steam 
valve. All parts, except tiie orifice (fig. 4-19) and 
operating cylinder are similar to parts of the 
launching valve operating cylinders. Parts are 
accessible by removing the lower cover or by 
removing the operating (ylihder from^ the 
lantem:^ 

The limit switch is adjusted as follows. When 
the exhaust valve is fixlly closed, the swikh inust 
be bearing against tiie upper coupling (fig. 4tl9), 
with the roller depressed eleven thirty-seconds 
inch from free position. In this position,- the 
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I. Setscrew. , 

Z Piston rod nut 
3. 4Jpper coupling. 
4 Washer. 
5. Locknut 
6, . GlancL 

7. Packing. 

8. Spacer. 

9. Flango cover. 
10. Gasket 

II. Piston chamber. ' 



12. Piston rod. 

13. Steam fnlet flange. 

14. Removable blank flange. 

15. Preheat piping. 

16. Globe vafva 

17. Steam outfet flange. 

18. Drain flange. ' 

19. Piston and insert 

20. Lodcing bushff^ 

21. $etscrew> ■ 
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Figure 4-18. -Steam valve breakdown. 



switch must indicate on the control console that 
fte vake is closed. Also, shim the limit switch 
^en necessary to bring the roller of the switch 
to the horizontal centerline of the upper 

coupling. - 

If the cause of a malfunction is not evident 
fiom inspection of thgjxhaust valve, inspect the 
control valve, solenoid valves, and electrical 
sY^t^m to determine* the! cau§e of trouble. 
^The only lubrication necessary on the exhaust 
valve operating cylisaer isTo keep the oil cup 

.full-ofoil. . , ' . . ^ 

The butterfly type exhaust valve is used on 
the C-I3 catapults abpard aU^er carriers (fig. 
4-20), . , 1 
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The butterfly^pe ejdiaust valve consists 
principally of a 'valve b^jf,. a disk, and a 
hydraidic actuator. TheW^rauUc actuator 
opens and closes the valve, men hydrauUc fluid- 
fronj the e^jhaust-valve ^ydrauUo-lock valve 
enters the opening port, me- piston moves to 
open the butterfly valve, -puid entering the 
closing chamber throyghJthe eljosing port acts on 
the piston to close the m/e. Mimt svdtch S4 is 
mounted on the side of tfi^^aust valve. When 
the exhaust valve is closeS^e limit switch is 
actuated by a cam attachelTTo the crank, and 
when the '.exhaust valve opens,- the' cam rotates 
to the exhaust position anct^the limit switch is 
I'^released. ■ , ; - 
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Figure 4-ia-Lantern type exhaust va!v0 (CVA-63 and -64). 

Exhaust Valve Control Valve CVA-64. The control valve opens and closes the 

_ • ' • exhaust valve by controlling the flow of fluid 

The exhaust valve control valve (fig. 4-21) is into the exhaust valve operating cylinder. When 

\ used with the lantern type exhaust valves hydraulic fluid from the hydraulic tock vake 

instaUed aboard aircraft carriers CVA-63 and ' ' enters the control valve at port B, the piston of 
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^ Figure 4-20.-Butterfly type exhaust valve. / '\ * 

• - . , _ ■ , ■■■ ■ • ■ ■■ 

the control valve 'shifts. The shifted piston . hydraulic lock yahre'to the gravity tank, the 

allows hydrauhc fluid from the main hydraulic '. piston of the control valve will shift This .allows 

accumulator to flow through the control valve, hydraulic ^ fluid from the main hydrauUc ac- 

through pott A to port G, to the opening port of cumulator to , flow through/the control valve, 

the operating cylinder, and causagthe exhaust • through port A to port F, to the closing port of 

vahre to open. When the pressurizes fluid at port the operating cylinder, ^ind causes the exhaiist 

. B of the control valve, returns . through the vahre to close. • , ■ 

. \ 'J- ■ . ' - ■ ' - " - ■ • • '■ ■ 



AVIATION BOATSWAIN'S MATE E 1 & C 



FROM EXHAUST-VALVE 
HYDRAULIC- LOCK VALVE 
THROUGH NONRETURN 
•VALVE (PORT B) 



'FROM MAIN' HYDRAULIC 
ACCUMULATOR (PORT A)- 



FROM MAIN HYDRAULIC * 
ACCUMULATOR (PORT C) 




TO OPERATING CYLINDER 
CLOSING CHAMBER (PORT F)-J 



TO GRAVITY TANK 
(PORT E) 



TO OPERATING CYLINDER • 
OPENING CHAMBER (PORT G) 



Figure 4-23.-Exhaust valve control valve (CVA-63 and -64). 
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Hydraulic-Lock- Valve Panels ' 

There are two hydraulio-lock-valve panels, one 
for the launching valves and one fof the exhaust 
Valve. The principal difference between the two 
panels is the manual lock, launch pilot latch, and ' 
the indicator flag on the launching-v^lve ^ 
hydraulic-lock-^alve panel. (See figures 4-22 and 
4-23.) . ' 

Hie launching-valve hydrauliolock-valve panel ' 
(figure 4-22) consists essentially of two solenoid- 
operated air valves,' a hydrauliolock-valve 
solenoid, a lock, a caution plate) and a hy- 
draulic-lock valve. The panel ^ and "Piping con- 
nections *e$i0rtially complete the assembly. 
There is rip external linkage and the operation is 
highly reliable. The launching-vahre hydraulib- 
lock valve (figure 4-24) prevents the launching" 



valves from closing before launching is complete. 
When the laujich-pilot-latclt solenoid is 
eneigized, a plunger is released from the hole in 
the hydraulic lock valve, allowing air pressure to 
shift the piston of the lock' valve when the 
opening (fire) solenoid is. energized. Hydraulic > 
fluid* flows from port A through the lock valve 
to port B. The fluids flows ^through the normally 
open launching-valve cutout valve, then enters 
the launching-valve control valve causing die 
pistpn of the control valve to <shift The hy- 
drauKc fluid also passes back into port D of the 
lock valve, and pressure on this side holds the 
piston in this shifted " position until the closing 
solenoid valve is enei^ed. 

When the piston isjn the position shovwi iij 
figure 4-24, pressure acting on the. larger surface 
of the-lock valve piston through port A locks the 
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Figure 4-22.-Uunchin9-vatve hydraulic-lock-valve panel. 



. valve in this position to keep the launching valve 
closed. The valve is alsq locked Jn this position 
when the lauftch-pilot-latch solenoid is de- 
energized and the'plunger has returned into the 
body of the lock valve. The position of the 

■ plunger is iftdicated by a flag located below the 
■ solenoid. (See* figure '4-22.) The flag shows red 
when the plunger is down and the sdlenoid is 
ener^e<f, and shows white when the plunger is 
up aiid the solenoid is deenergized. The valve 
also has a manual lock which Can be screwed 
into the valve to lock the piston. ^ lock 

i positioner determines the position of the manual 
lock. The manual lock js only placed m the 
locki'd position as a safety measure to insure 
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that the launching valves remain closed when the 
catapult is secured or during certain mdn- 
tenance procedures. "During caiapult operations, 
the manual lock is in the ufilocked position. 

The exhaust-valve hydraulic-lock-valve panels 
(figure 4-23) installed aboard CVA-63 and r64; 
are ^lightly different from the lock-valve panels 
installed aboard CVA(N>6S and CVA-66. The 
two panels differ- in the type of lack valve 
installed on the panel and the piping con- 
nection's to- the lock valve. The exhaust-valve 
' • hydrauUc-lock valve aboard CVA-63 and -64 has 
four ports; the exhaust-valve hydraulic-lock 
valve aboard CVA(N>65 and CVA-66 has five 
ports.. , * • 

>• ' ' . 
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VALVE FOR - CVA63 AND 64- 



SOLENOID VALVE (OE)- 



SOI4ENOID VALVE^(CE) 




EkHAUST-VALVE HYDRAULIC- 
LOCK VALVE (FOR CVA(N)65 
AND-CVA66 ONLY) 



Figure 4-23.-Exhaust-va'lve hydrauli^iock-valve panel. 
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\ The -exhaust-valve hydraulic-lock valve ' use^d 
, . aboard CyA-63 and -64 holds the exKaustvalve 
open dunng the retracfion cycle W the cat^uJt 
and keeps the exhaust valve closed durin^^ 
^. , laun(Am^ cycle. When the .opening solenoid (OE 
• ip fig. 4-23) is. energized, air pressure admitted 
f,o the opening gi;de of the Jjydraujiolock-valve 
. ^<^e.nlbly Shifts the piston and allows hydraulic 
fluid under pressure from the..;naih hydraulic 
acciimulator^tQ pass thrGugh 'the valv^* fo'the 
-i, ngnretum valve. The fluid; passes through the 
nonreturn val^e- 'to the exhaust-vaj/e control 
^r^J^^and causes the pistoif in the exhaust-valve 
.'Wrol.v^Ne to Shift and allow fluid under 

Pressure ^rom the m^ hydraulic accumulatqr 
- ' Pass^thrOygh 'the. exhaust-valve control' Valve* 

' • ) ■ , v' . < ■ , 



m 4he' Opening chamber of the exhaust valve, 
thus opening the exhaust valve.' . 

When the closing solenoid (CE) is energized, 
air pressureXadmitted to the close side oMhe 
hydraulic-lock Valve assembly shifts the piston 
t6 release th^ pressure from 4he exhaust-valve- 
.control- valve ^d the nonreturn valve, aUowing 
the fluid to return to the gravity tank.' Then, the 
piston of th^xhaust-valve control vklye shifty 
and- shuts off the pressure to the opening 
chaihbeF of the exhaust valve; this 'allows hy- 
-draulic pressure fr©m the main hydraulic 'ac- 
cuinulator to pass through the control valve to 
the closing chamber of the exhajast valve, 
causing the exhaust valve to cjose/ HydrauHc - 
pressure woricing on the lige surface of- the 



-78 



ERIC 



1 




— PORT C {TO LAUNCHil^G- 
VALVE CONTROL VALVE) 



^^ANUAL LOCK 



PORT E (TO GRAVITY TANK. 
THROUGH LV. 
CUTOUT VALVE) 



FROM OPENING (FIREO 
SOLENOID 




LOCK POSITIONER ' 
(SHOWN IN UNLOCKED 
POSITION) 



HOLE ^OR PLUNGER- 
FROM LPL SOLENOID 

\ 

FROM CLOSING 
SOLENOID CL 



PORT A (FROM MAIN . 
HYDRAULIC ACCUMULATOR) 



^PORT D (TO LAUNCHING- 
VALVE CONTROL VALVE 
AND^L.V. CUTOUT VALVE) 



PORT B (TO L.V 
CUTOUT VALVE) 



AB.328 



Figure 4-^4.- Launching Valve hydraulio-lock valve. 



hydrauhc-Iock valve piston 16cks the valve in the 
close. position„keeping the exhaust valve closed. 

The exhaust-valve hydraulic-lock vaWe (figure 
4-23), opens, and closes the butterfly type 
exhaiist valve , by controllmg th^ flow of hy- ^ 
dr^ulic fluid into the^ exhaust-valve actuator. ^ 
(See fig. 4-20.) When the opening solenoid (OE) 
is' energized, air pressure enters the open^side of 
the hydraulic^lock valve and shifts the pistons to 
allow hydraulic ffuid from the main hydraulic 
accumulator to flow through the lock vaive to 
' the' nonretunr valv^. The fluid passes thrdudi 
ths nonreturn^ valve to .the opening port of tKb-^ 
exhaust vaTve actuator and causes the exhaust 
valve to open. Hydraulic pressure acting on the 
lock; valve piston locks the lock^alye in the open • 
^positidii nintil the .closing solenoid (CE) is 
enereiz'ed. When tlje closing solenoid*, is 
energized, air pressure entering the close side of 
• the hydraulic locl^ valve shifts the piston and 
allows fluid from the main hydraulic ac- 



cumulator to flow through the lock valve to the 
closing port fif the exhaust valve actuator, 
cFosing the exhaust .valve. Hydraulic pressure 
acting on the lafge surface of the lock vahre 
piston locks die vahre in the close position to 
keep the exhaust valve closed. 

Minor repairs consist of tightening hydraulic 
and electrical .connections. Panel bolts must be 
kept tight ait all times, since rigidity .4s required 
to assure sifiooth operation pf the hydraulic-lpck 
vahe without binding or chattering. Very, little 
trouble should be gxperienced with the assembly 
sinde there are no external moving parts. 

.Normally, no parts replacement is required 
Qxcept at Qverhaul. If leaikage or malfunction 
^occurs, fittings' or O-rings should be "replaced as^ 
required. Apply a thin coating of grease to 
WcuriiTg bolts to retard rusting;^ and keep the 
caution plate clean 2^ all times. Before installing 
or replacing Orings, apply a, light coating of 
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grease to 0-rings located -on the pistons in eacji 
air cylinder of the hydraulic-lock valve assembly. 
. No adjustment is required after the initial or 
ovefB&ul alinement of. the two solenoid valves, 
the hydraulic-lock valve spool^d'the assembly . 
\: panel; and nq lubricatign is required. for the 
hydraulic-todk valve par® assembly. 

Pressure Breaking Orifice ElbQw 

The pressure breaking orifice elbow assembly 
(fig. 4-25) is asafety feature incoipoy tWJ ' lll I ' fT " 
the exhausU^^alvesHt^ to M^^t steam 
pressure biySup^jehk^^ 
with the launching pistohs^ffi^^e b^tery-posi- 
•-tion and the ex4iaust valve,i:|os^. ^ 

The orifice elbow asserijply is located on the 
^ exhaust manifold betweejf the exhaust tee and 
the exhaust vah^Q. (Reffer to ^figure 4-16 for 
location of the orifkfe elbow,), The pressure 
breaking orifice elbcXv permits steam that may 
leak through the^losed launching valves to 
escape by bypassing the exhaust valve, feus 
preventing a buildup of pressure in the pov^er 
. cylinders behind ^ the launching pistons. A , 
-buildup- of - pressure behiiTa~the' jpisfons^couia*' 
cause premature ^breaking of the holdback 
tension bar, ; pos^bly resulting in injury to 
personnel working around the aj.rcfaft, or to loss 
of th,e aircraft ^ . ' 

The pressure breaking orifrde elbow- assembly * 
consists of elbow piping flai^gejd to the exhaust 
valve manifold with a 0.750 orifice in the piping. . 

. ' ^ ' ^ ^ , \ 

RETRACTION SYSTEMS ^ • i^ /^^ 

(LINEAR AND ROTARY) , - ' 

; The function of both the Unear and rotary - 
retraction engines is to hydraulically control the 
movement 'of the gfab and to maneuver the 
shjittle forward arid aft ^hen slow- movement is 
required. Normally, the engines will'be located 
directly below the flight deck in close proximity 
to the launching engine so that excessive cable 
reeving and hydraulic lines and piping are not 
required. The basic d^cription of the newer 
rotary retraction system has been ^scussed 
previously in this chapter; and due to tile Umited 
number of these units in* the fleet, only the 
linear retracti&n system is discussed in detail. 
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Figure 4-25.-Pfe$5ure breaking orif ice elbow assembly. 



Maintenance procedures and inspections for 
both the rotary, and linear systenfs' are to be 
accomplished by use of the current Makitenarice 
Requirements Cards, as directed by the weekly 
schedule of preventive rtiainteuiance. 

Miist of the wipmon problems that'vwll ^e 
with the retraction engines will have to do mth 
air or hydraulic fluid leaks. Whenever there is a 
leak, the remaining pressure must -be blown 
down and the torque value of'thVretaining bolti 
checked and, if necessary, corrected. If this \joes 
not correct the problem, the leaking component 
and/or packing must be replaced. When there is 
chattering or binding, it may be due to misalined 
p^, binding, of^e packing, o^wom parts.. 
Some pf the malfunctions .that may occur, along 
with their probable^ causes and porrections are 
shown in table 4-2 for the linear retraction 
engine and table 4-3 for the rotary engine. - 
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Linear Retraction Engine , • 

Essentially, this system consists of the retrac- 
tion engine cyhnder , and piston, the main 
hydraulic accumulator, air flasks, the. grab, the 
cables which cotiple the grab to the retraction 
engine, the crosshead, sheaves, cable equalizers, 
associated valves, and electrical controls and 
piping. The general arrangement of the retract- 
iflg en^ne is shown in figure 4-26. 

The letractioh engine cylinder and piston 
concert the hydxaulic pressure into^ motion of 
the .crosshead to cause advancement or retrac-* 
tion. The components are so designed that^^ 
when- operating in either direction, the re- 
traction engine piston starts slowly, travels at 
maximum speed through the greater portion" of 
jthe stroke, an(} comes to a gradual stop. The 
flow of. hydrauHc fluid to and from the retrac- 
tion engine cylinder is controlled by three 
solenoid-operated three-way valves, one sde- 
noid-operated fourway valve, one hydraulically 
operated blocking valve, and three hydraulically^ 
X>perated three-way valves. 

Th^ function of tfie retraction system is to 
retract and position the shuttle and piston 
assemblies to battery position after each aircraft 
has been launched. Grab advancement is ac- 
compUshed by forcing 2,50Opsi hydraulic fluid 
into the advanoe end of the retraction engine 
cylinder by operation of the retraction wigine 
advance three-way control valve and solenoid 
valve. Power is transmitted to the crosshead and 
thence through.the cable, system to advance Uie 
^ab to the for>v^rd end of tiie track, causing 
automatic engagement of the grab with the 
shuttle. The. advance stroke buffer slows and 
stops the forward motion of the grab, crosshead, 
and retraction engine piston at the end of the 
. .advance stroke. After the grab has engaged with 
* the shuttle, 2,500-psi hydraulic fluid is admitted 
to the retraction end of the retraction engine 
cylinder. The motion of the crosshead is then 
reveled and the grab brings the shuttle and 
piston assemblies to^ battery position, .The re- 
' tract buffer slows and stops the motion of the 
shuttle and piston assejn??lies, grab, crosshead, 
•andi piston in the retraction engine cylinder at 
the end of the stroke. 



Linear Retraction Drive System 

The drive system (fig. 4-27) consists of a grab, 
two advance cables, two retrieving cables, an 
-advance cable equalizer, a retrievmg cable 
equalizer, a crosshead, and various sheaves. The 
drive system operates in conjunction with the 
retraction engine and hy^iraulic system to 
advance the grab trfthe shuttle after launching^ 
and retract the ^b and shuttle to battery 
position. 

Grab 

When driven by the retraction engine, the 
grab advances the length of the shuttle track, 
automatically engages with the shuttle, with- 
draws the shuttle to battery position, and 
secures it until the catapult is fired. Figure 4-28 
is a drawing of the greW 

The grab is a spring-lo'aded latch, mounted on 
a wheel frame and installed within the shuttle 
track behind the shuttle. The two retrieving 
cables are fastened to the aft end of the grab, 
and the two advance cables to the.fon^ard end. 
After a launching, the grab is puUed forward the 
length of the shuttle track by the drive system, 
and. automatically latches to tiie shuttie witii a 
positive-locking device. Diagram A of figure 4-29 
shows the grab in the unlocked position, ap- 
proaching tiie .shuttie. When tiie grab latch (5) 
comes in contact with the shuttie clevis pin (6), 
the latch rotates and the latch cam follower (8) 
moves out of tiie cam detent (7) *in tiie lock 
block (9) and continues upward until it reaches 
tiie top surface of tiie lock block. The spring- 
loaded lock block then moves under tiie cam 
follower, trapping tiie latcl^'andJocking tiie grab 
to tiie shuttle clevis pin, as shown in diagram B. 
"The grab wjll. not release tiie^liuttle imtil both 
JiaVe.been returned to battery position and tiie 
grab unlocking mechanism is actuated by the 
bridle tensioi^ier. When tiie ^bridle-tensioner 
piston rod moves forward, tiie -bridle-tensioner 
buffer cap' (11) pushes the grab pushrod .d) 
inward until the buffer cap contacts the grab 
block (2). When the pushrod is pushed inward, 
* tiie lode block (9) is pulled fron^ under the latch 
cam follower and tiie latch is fre|'4o rotate and 
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Fyure 4-26.— Linear retraction engine. 
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ll^tele^e the shuttle, as shown in diagram C. When 
%4Se ^uhle and bridle tensicmer moye away from 
^^the the grab remains in the unlocked 

posmon, as shov/n in diagram A. During no-load 
^Hests the grab and shuttle must be unlatched. 
; The grab is manually released Jrom the shuttle, 
" as shown in diagram D. A manual-release dis- 
engaging lever (12) is placed* over thfe manua^ 
release arm (3), which is accessible through the 
" irack slot. The^sengaging lever is then lifted up 
- and pushed forw^rd^*This motion pulls the lock 
block from under, the latch cam follower. and 
frees the latch so that the gwb and shuttle can 
be separated; • ^ ^ 

WARNING: fhe manual-release disengaging 
lever must b^ Amoved from the grab during 
*nomial operations. ; 



Cable Equalizers 



The advance and retracf cable equalizers (fig. 
4-30) operate hydraulicall^ to keep the tetrac- 
tion-engine j^bles tight '^ydraulic fluid under 
pressure flows directly in to .the cable equalizer, 
keeping tension on both se^ -of cables. Wh^n 

^ofie -set of cables is loaded, the other set 
becomes slkck. Slack is taken put of the retrao- 
tibn-engme cables by motion Qf^. the equalizers. 

. Axheck valve in the supply, piping to eac)i' cable 
equalizer allows rapid flow of fluid ^ to the 
equalizer when &e cables become^ slack, and 
prevents any return flow in this piping. When 

^ cable load is applied to the equalizer piston,* 

'fluid flQws back to the reservoir .through the 
vent piping. Whert one cable equalizer is work- 
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Table 4-2,-Malfunctions, linear retraction en^ne 



i 



Trouble 



Probable cause 



Correction 



' CatapuK will not retract or 
advance. 



No bridlp tension. 



Wiring to applicable pushbutton 
is open, 

Bi-ansfer ^ttch on EMER- 
<}ENCVinaking the deck 
edge panel ino^erxtive. 




No hydraulic pressure. 

Hydraulic leakage or closed 
valve. 



Broken or bound c^ble. 

One or niore solenoid valves 
inoperative. 



Defective relay. 

■ • \ 
Retract or advance three-way 
valve inoperative. 
> 

Retract or advance buffer 
limit switch not actuated. 



Bridle tensioner full in limit 
sv^tch not actuated. 



Bridle tensioner piston fully 
' extended. 



Wiring to pushbutton open, ^ 
pushbutton defective, 0/ ' 
transfer switch o^ EMER- 
GENCY, making the deck 
edge panel inoperative. 

* Solenoid valve inoperative. 
' Bridle tensioner piston binding. 



Hydraqlic leakage in bridle 
\ tensioner piping. ' - \ 



Repair as necessary. 



Turn transfer switch to 
.NORMAL after determining 
that deck edge panel iS not' 
• damaged. ' ♦ 

Start main hydraulic pump. 

Repair leak or oppn valve. 

Repair reeving as necessar). 

> 

Repair or replace solenoid valve. 

Check electrical connections 
. to solenoid. 

Repair or replaceTclay. 

Check for in^ematbindiag of 
piston. ^ , , , 

Realine limit switch for correct 
tripping action. Check limit ' 
switch and replace if faulty. • 
<^ ' 

Check tension on limit switch 
control cable. Replace limit 
switch if faulty.. ^. 

Reposition aircraft "^d^ad load 
and retension. 

Repair as necessary. 



Repair or replace solenoid valve. 

Inspect and repair cause of 
binding. ^ , 

Repair le^ikage as necessary- 



id 
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T|ble 4-3.— Malfunctions, rotary retraction engine 



Trouble 


Probable cause 

— s L 


^ Correction 


External fluid leakage. 


Faulty seals^CPiings, or , 
packing,.,^ * 


Replace faulty parts. 
• • > 




■' Cracked welds. 


Repmr welds. 


Excessive noise,- 


Air in hydraulic system. 


Bleed air from sfystem. 




Bearing wear. ^ 


Replace bearing(s). ^^y^ 


Binding, or excessive 
vibration df drum. 


Lack of lubric^on. 


T uhrif*fltp clraffc • * 




Burrs or scoring of drum 
grooves. . 


Hone out as necessaru^ lubri- . 
cate grooves and 'i^ble. 


♦ 

♦ 


L«UU^c waQlC Clomps. • 


Secure cable clamps* 


JJneven or ^erratic operation 
of cable tensioners. 


Air trapped in cylinders. 


Bleed*off air from hydraulic — 
•fluid. ' . ^ " 




Accumulator not pressurized 
properly. . 


Adjust pressure setting. 


Traverse carriage misallhed,. 


. Worn slippers, or slippers im- 
properly shimmed. 


Replace or shun slippers to . 
alinement. - 1 


Faulty eiectricalsj^stem., * ^ 
* < 


connections.' 


Secure, connection?. 


J4 


•Faulty components. * 


" 'Replace as required. 



NOJE' Electrical systep repair <v,orJc should be handled by a' qpialified Electrician's Mate . 
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Figure 4r27.-Linear retractjoo engine drive system. 



'ing the adjusting nlit on the opposite equalizer 
. is bottomed gnd ^ctsks Cable anchor. 

The cable equalizers are alsoj^sed to adjust 
the position- pf the g-ab to obtain ideal battery 
position of l6 inchesjt 1 inch, measured from 
, . the after ftid of the^ab to the afteJ encf of the 
' catapult track.' » . 

Maintenance and adjustment of Jthe ^table , 
equalizers, is p erform ed in ac_cjc)jdaiicjeiwith the 
applicable maintenance requirements card. T^ie 
most frequent maintenance encduntered with 
cablp equalizers is replacement .of -packing, and 
making routine ,adjustments to maintain ideal 
battery position/ * . * 



Cables andl^d Sheaves * • ' . 

^1516; cable systejm, as shown in figure 4-27, 
transmits energy from' the retraction engihe to 
,.the gral)' ''Bfte cables are reeved around the 
'sheaves in the retraction system to obtain a 
'reeve' ratio of 15 fo i; The .cables are made of 
9/ 16-lnch diameter wire rope. There are four 
cables, two for advance and two Yor xetract. 
NOTE/Wh^rf replacing cables always replace-r 
• botH advandfe or retract cables at the same 'time. 
^ Esich cable is equipped on one end with a , 
' swaged cable fitting* which is attached to the 
, grab^The cables are cSfmected arthe opposite 
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, 1, Pushrod. 
Z Block,, ' 

3. Spring^" 

4. Manuahrelease arm. 

5. -glide shaft ^ 

6. Link. • 

7. Lubrication fitting. 

8. Spring. 
9i^late.- . *S 

10. Support 



11. Block: 

12. Cam follower. 

13. Upper tie bracket 

14. Latch. 

J 5. Buffer plate. 
"l6. Bracket'. 
17. Shaft 
18.. Wheel assembly. 

19. Linlc. 

20. Lever. 



' Figure 4-^. -Grab. 
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end at the_i3&tract* engine >y reeving one *cable 

around the ca^le. emaalizer sheave arfd over-.* 
"lapping the other-^c^le. They* are then held" 

togetjier by means orc^ble'clanips. (See Insert, ' 
• figure 4^2^^.) • ; \ \ /' 

New cables vwll 'Stretch wl^ use, lend if/aftef 

dperatioij of the retraction^ eftgjne, the ca*BT5ss^^ 
- havQ stretched in excess of the ^ojinf 'that can >v 



be compensated by adjustment of the cM)le 
.equalizer, the cable* clamps must be removed^* 
repositioned, ^and new cable clamps installed to 
clamp the ends^ of the two* cables togetlien ^ 

Sheaves guide arid^suppoft the cables between 
the shuttle ^frack and the retraction engine. 
Numerous lead sheaves are used to guide ^ the 
cables from the grab to- the retraction en^e'and 
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/ 5 DIAGRAM A " 

UNu bcKED POSmON-APPROACHING SHUTTLE 



Id . . 9 g- 7 "6 

DIAGRAM B . 
LATCHED €^ LOCKED tC SHUTTLE 




II 



"6 * 
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DIAGRAM C 
UNLOSKto- SHUTTLE FREE TO MOVE FORWARD 



-V 



change the 
f shjp*s mstal 
Two fixec 



1. Pushrod. 
Z Block* 

a Manual release arm, 
4 Latch 'spring. 
5^ Grab latch. ' , , 
a Shuttle clevis pin. 



10 9 

DIAGRAM D . 
MANUALLY UNLOCKED 



7. Cam detent 

8- Cam follower. . • ' 

9. LockbloQik 

10. Manual-releese-armstop. * 

11. Bridle-tensioner buffer cap, 

12. Manual-release disengaging lever. 
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Figure 4-29.--Grab operation sequence. 



:able direction as required by the 
tion. . _ 

idler sheaves are mounted on the 

cylinder, ex tension and two oh the retract buffer 
end of the retraption engine. These sheaves lead 
, the cables to lie cable equalizers. 

•The 'two fijced ^ead sheaves mounted near the 
cyhnder extension on the retraction engine turn 
^ the , reprieving cable 90 degrees as 'it enters tfi6 
retraction eng|p^. " * 

/bridle TENilOKflNG'SY^TEM ' . * 

•The bridle tensioning system 'isonsists of the 
bridle tensioner {fig.'4-31), a bridle tensioner 
control valve which js actuated t}y a solenoid 
operated aif >alve/ a pressure regulator, a 



pressure set regulator valve, a relief valv^^irge 
accumulator, two bridle tensioner limit s^^^es, 
and associated v|dv§s and piping' Associl^ 
with the bridle tensioning system is the hold^ 
back installation which proVides a means for 
securing the aircraft during bridle ' tensioning. 
Dumg hookup, the ai^cr'^ft^^ptted in posi- 
tianr attached to this^uttie spreader by a bridle 
or pendant, arid the' aircraft holdback assembly ' 
is attached to the aircraft. ThQ bridle 
then activated Jo apply force against the grab 
and move the shuttle * fof^d to tehsion the 
bridle, A relief valve is installed in the' piping 
system to prevent excesave -hydraulic pressures 
from causing premature release of the aircraft 
from the holdback, . ' 
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DIP STICK 



DRAIN VALVE 



ADVANCE CABLE EQUALIZER 



-TO DRAIN VALVE 



FROM CABLE-EQUALIZER ^ 
RESERVOIR - 



Eigure 4-30.-Cable equalizers. 
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Bridle Tensioner . * ' 
* 

The bridle' fehsioner (fig, 4-32) Ms located at 
the aft erid of the catapult. It consists of a 
two-way hydraulically operated piston, a piston 
rod fitted with a ram Support and buffer cap, a 
cylinder, a cylinder support which, mounts on 



the thrusf unit, and a saddle which fastens to the 
track cover. The^ advance chamber is connected 
by piping to .the bridle tensioner control valve*; 
the retraction chaqiber is connected by piping to 
a reducing vahe. Hydraulic flui4 for both lines is 
, supplied 'from the retraction engine accumula- 
^ tor, but is reduced by' a xeducing valva4o the 
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ACTUATING ARM -7. 
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Figure 4-31.-Bridle tensioning $ystem. 



pressure required to produce the desired 
horizontal force against the grab. An accumula- 

• tor Is'provided between the redupng valve and 
the bndle tensioner controWiralve.to protect the^ 

- teducing valve and niaintain (Constant pressure in 



the systemv' There is^ a constant supply of 
hydraulic pressure ^to'the forward end of the 
bridle tensioner when^ the system is chained, 
during bridle tensioning, pressurized fluid enters 
fee" after end of the bridle tensioner. An 
• 

-.89 •' . ■ <^4. 



AVIATION SoATSWAIN'S MATE E 1 & C 



unbalanced force is set up due to the* difference 
in ^surface area on the two sides of the piston 
and the piston is driven forward. The buffer cap 
on the 'pi5^OT^9^i hits the aft end of the grab, 
forcing the^rao and shuttle forward. The rollers^ 
on the ram support ride along the shuttle track, . 
keeping the piston rod properly alined. After the^ 
catapult is fired, the contr olvalve shifts, venting 
the pressure in the 'bridle tensioner advance 
chamber back to gravity and causing the bridle 
tensioner piston to return to i^s battery position. 

There are two limit switches in the bridle 
tension system, FULL OUT and FULL IN. The 
bridle tensioner.^ FULL OUT limit switch 
prevems-^ihe-catapult from firing unless there is • 
bridle tension. Bridle tension cannot be insured" 
if the bridle tensioner piston rod /is fully < 
extended. When the bridle tensioner piston rod 
is nearly FULL OUT, an actuating arm moves a 
^ cable which actuates a limit switch, deenergizing 
^he STAND'feV relay and preventing STANDBY 
condition from being ^completed. The bn'dle 
terisionertpiston rod must ihen be J!:etracted, the 
aircraft respotted., and. bridle tension reappliedi 
The bridle tensioner FULL IN limit switch 
prevents damage to the grab and bridle tensioner 
by insuring that the bridle tensioner piston rod 
is FULL in before retracting the grab, shuttle, 
and pistons. When the bridle tensioner piston 
rod is fully retracted, the actuating arm moves a 
cable which actuates a limit switch and siUoVC^s 
the retraction operation be completed, 

' t 

Holdback Cleat Installation 

The holdback cleat (fig. 4-33) provides a 
meahs of holding the ^rcraft in place during 
bridle tensioning. It is installed in the deck 
directly behind the bridle tensioner. Cutouts 
along the entire length of the cleat .permit' 
attachment o^sjifferent length aircraft. A link ' 
coupled 'to a holdback unit attached to the' 
aircraft, is inserted into the appropriate cutout. 
When the, catapult is fired a tension bar or ring 
in the holdback unit breaks, releasing, the air- 
craft. ' 

r ' . . . ' • ■ 

Elecj^lcSj System 
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v-£ctrical system^ of the G13 catapult, 
includes^ control components such as li^ts,^" 
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Figure 4-3Z-Bridle tensiortef (typical). 



pushbuttons, limit s\\dfches, . toggle switches, 
panels and associated fuses, wiring and junction 
boxes, relays, solenoid Valves,^ pump-motor sets, 
and special indicator s|^stems (cylinder elonga- 
tion indicator and velocity indicator). All panels, 
solenoid valves, and relays (except two individ- 
ually hdtised 440-volt* relays for the main hy- 
draulic pump and motor set) use a conventional 
• 1 1 S-vWt, single-phase, 60-cycle a-c supply. 

When troubleshooting the 115'volt,"60-<ycle 
eledtrical- system of the Type C, Mark 13 
Qatapult, considerable assistance can be obtained^ 
in tracing ^"a specific circuit by using the ap- 
plicable* Aviring drawing. Overall functional 
operation c^ best be understood by studying 
the electricaischematic diagrams; which show in 
simplified form, the interrelationship of the 
-components of the electrical system throughout 
the^ cycle of operation. While conducting the- 
conjroh system- test procedure^ observe where' 
deviations occur from aitticipated jresults; then 
use th^ese indicators as a clue in locating the. 
cduse of malfunction. V 

WARNING: Always observe extreme car& to 
prevent electrical shock while troubleshooting. 
When replacing a component, open the main 
supply switch and haug a warning sign on it to 
prevent inadyertent closing of the switch by 
otherpersonnel. ' 

The following miscellane'ous notes apply to 
electrical troubleshooting throughout the cata- 
pult: ' , . , . 

1. If after replacement bf an apparently 
defective Ugh t, switch, or other component the 
coniponent continues to malfunction, check for 
a iuose or disconnected wire at the component, 
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1. FILLER BLOCK 

2. RETAINER BLOCK 

3. LINK 

4. HOLDBACK UNIT 

5. HOLDBACK CLEAT 
KfiTaSCREW ' 

7. DOWEL PIN 
a SLOT SEAL 



1. Filler block. 

2. Retainer block. 

3. Link. 

4. Holdback unit 



5. Holdback cleat 

a Screw. 

7. Dowel pin. - 

a Slot seal. 



Figure 4-33.*C!eat installation. 
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or the other end of the wire at the terminal stri^ 
or junction box, 

2. R^eated blowout of the circuit breaker or 
fuse indicates overload or short circuit Be sure 
^n overload coil of the correct valUe is used in 
the circuit breaker, and a fuse of the correct 
value is used in the fuse box. 

3. Ri case a defect is suspected in a relay or 
.solenoid valve, check for the following: 

a. Visible signs of coil overheating due to 

overload. ' * , - . . 

b. Visible broken wire in coil winding. 

c. ' Loose wire connection. * 

d. Damage due to steam, water, or oil 
having leaked into the component. 



i 



4. If lines are open or shorted in the trough 
or conduit, check for defective lines. Investigate 
areas along the run of the Ijne, Cable, pr conduit 
where welding of drilling has been done recent- 
ly. ' ■ . 

5. If insulation appears to be breaking down 
or) a particular line, replace the line as soon as 
possible-do not wait for a short circuit. If lines 
break down repeatedly, investigate the cause. It 
may be' dampness, hi^ ambient temperature, or 
an object cutting through the insulation. If 
po'ssible, move the conduit or trough to a new 
location. Be sure, all terminal tubes and packing 
are secure anfl watertight. 
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6. Replace or repmr switch. and relay contacts^ 
which spark during operation. Sparking is a 
,potenti^dlly dangerous" condition and Should be 
corrected at once. 



Troubleshooting Electrical System 

NOTE: Troubleshooting and mainten^ce of 
electrical systems will bp accomplished by an' 
EM designated as the catapult electrician. "The 
'senior ^BE should know the.electrical system to 
enable him to assist the^ catapult electrician in 
finding an. electrical problem, thus expediting 
returq. of tl>e catapult to the up status. 

In ;troubleshooti|ig the launching, lubrication, 
and stedm systems, proceed as follows: 

1. Be hxTQ th^ jTiaiA poAver switch is ON and 
that SUJSPEND s^witches have npt been placed in 
the SUSREND position. , 

2. *Ch*eck for malfunctions by means of lights 
on the malfunction ganel of the control console. 

^ 3: Check the follt^^^ng by^ pushjbjufton, if ^ 
•pertinent: 

a. Nfanual LA.UNCH COMPLETE on 
e;nergency panel of control console. ^ 
. b. XUBB oii control console. ^ 
4^ ChecW whether the transfer switch, has 
^been turned to^flie' EMERGENCY position, thus ' 
deactivating a control panel. ' ^ 

5. Investigate the possibility that the trouble 
is, nonelectrical (stuck valve, low hydraulic pr 
pnfeu;natic pressure, or similar jcause).- Check 
thoroughly . the conrfponent or components, 
which the symptoms indicate may be defective. 

6. Check supply voltages with a voltmeter. 

^. Where possible, observe mechanical actua- 
tion^ of a suspect limit switch. Be sure the switch 
is securely bolted in its proper position. 

8. If launching engine components appear 
normal, investigate other components in the 
circuit such as relays and pushbuttons. 

9. Check »for an open or shorted line between 
components. Check applicable junction box and^ 
terminal strip connections. ^ 

In troubleshooting the retraction and bridle 
tensioning control system,. proceed as follows.. 

1. Be sure the RETRACTION ENGINE SUS-, 
PENSION switch has not'been operated. 

2. Check for malfunctionslby means of lights 
on auxiliary panel. If the catapult wdll not 



advance, check visually whether the advance 
buffer is out If the buffer is ouf, depress the 
MANUAL ADVAlNlCE pushbutton on the con-, 
trol-console.^ ^ * * 

3. Check whether a transfer switch has been 
turned ^to EMERGENCY, causing a control 
panel to be deactivated. • - . 

4. Check .sheaves, cable, hydraulic* pressure 
supply, and other nonelectrical components* 
which may be causing the malfunction. Check 
thoroi^ghly an> symptoms in ' a component ^ 
which indicate that it may be defective. 

5. Chegk supply voltages with a voltmeter.^ , . 

6. Observe mechanical actuation of the limit 
switches. Be sure .that each switch is securely 
bolted in its proper position. 

7. If retraction and tensioning engine compo- 
nents appear normal,- investigate other cpmpo- ^ 
nents such as relays and pushbuttons in the same 
circuit. !; . * ' 

.8. Check for open of shorted lines between 
component^. Check applicable junction bo:C and . 
teimirial strip connections. . 

During a sequence of operations, certain 
malfunctions may-.pccur which will remove the 
catapult from operation. As a senior ABE you 
should be able -to recognize when a malfunction ' 
does occur and where the trouble li^,, and 
immediately initiate the proper steps tii.at jnust 
be taken. * ^ 

A malfunction of any of the^lectrical compo- 
nents, in' the system, or disconnection of .any 
electrical wire? may result in failure^ of the 
catapult to launch when the FIRE .button is 
pressed. Binding of mechanical parts, or hy- 
draulic blockage, mai^ ^also Qause a Ijangfire. 
Proper discharge of operational and maintenance 
duties is the best guarantee against hangfire and 
its resultant dahger to personnel and equipment. 

If the catapult .does not 'fire within 10 seconds 
after the fire pushbutton has been depressed, a 

^hangfire exists and the fdllowing procedures 
njust be followed to remove the aircraft from 
the catapult. (NOTE. The procedures to remove 
an aircraft from the catapult after a hangfire has - 
been dfeclar^d by the launching officer are 
changed and updated periodically, and the 
actual proCedOTe^to be usad^ for individual ships 

' and catapults are totkd in the applicable hand- 
book of operating instructions (NavAir 51-15, 
(Series), Section 1 1 l).)'The hangfire procedures 
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discussed belqw are the procedures for the C-J;J ^ 
•and OlS-l catapults installed aboard CVA-63 
through CVA-66. 

1. -Procedures in case of a hangfire during d:ay 
flight operations (conventional bridle/pendant 
hookup). , ' ' . 

, ^ a- *f thg catapult does not fire within 10 
^seconds after'^^he Qre but.ton. is pressed, a, 
hangfire exists and^ the ^rbraft must be removed 
"froniAthe catapult In thfe case; tfte catapult 
suspend signal is ^ven. . 

WARNING: Personnel will not^go under the 

* aircraft until the. throttle»back signal has been 
^yen. Under nprmal conditions the aircraft will 
stay at military power until the bridle/pendaftt 
has been disengaged from the aircraft. If the, 

; bridjie/pendant cannot be, disengaged using the 
procedures below^because the sliuttle cannot be 
moved forward or aft, other procedures dis- 
cussed later in this chapter ncwst be used. 

b. The. catapult officer signals hangfire to 
the deck edge operator by pointing^.the.mdex 
' finger oj one hand' to the palm of his other 
hand. ' *^ ' f 

. v c. The .catapult officer follows the hangfii^ 

* signal with the untension aircraft signal by 
pointing onete^nd in the direction opposite to 
launching. -I 

d. The decic edge operator observing these 
, . signals shall immediately actuate the suspend 
/ switch and phone' the console operator to clo^e 
the emergency cutout valve. 

NOTE: When the deck edge control panel 
' operator observes the signal *from the catapult 
officer that a hangfire exists, he relays it to the 
console operator via sound-powered phoiTeV Dur- 
ing the verbal commurligation betweeij the deck 
^edge control panel operator and the console 
operator the word ,VHANGFIR'E" will NOT be 
used.* The deck .edge operator will say, "CLOSE 
' THE EMERGENCY CUTOUT VALVE," and 
will repeat it to insure there is no missunder- 
standing ' «^ 

e^ The console operator shall remove the 
cotfer pin, unscrew the stop screw, and rotate 
"the handle of the iajanching-valv^ cutout valve t6 

* the emergency position. He shall then push the 
maneuver shuttle aft i)ushbutton S39 on the 
emergency panel and nold it for 15 seconds to 

"release bridle tension. 



WARNING: The launching-valve cutout valve* 
handte SHALL NOT be rotated from the emerg- 
eirby position until steps f through j have been 
accomplished. 

f. - If the hangfire was caused by an electri- 
cal failure, the console operator, aftej rotating 
the launching-valve cutout valve to the emerg- 
enicy .position, shall call th^ retraction engine 
operator to inform him of a power' failure. The 
retraction engine .operator shall depress the 
manual override pushbutton on- the maneuver - 
shuttle aft valve to manually maneuver the 
shuttle aft. 

g. The catapult crew' shall remove^ the 
bridle or pendant from the akcraft and shuttle 

h. The catapult officer shall theji give the 
throttleback signal to the pilot. • 

i. The aircraft then removed from the 
catapult by the catapult spotter (director). 

j. Aft6r the aircraft is removed from the 
catapult, the steam pressure in the receiver shall 

. be reduced to no-load pressure. 

. k': The launching-valve cutpUt valve shall 
be returned to normal position with the: stop 

-screw properly installed. 'Tfie, control system 
shall be operated through the'entire operating 
cycle^ to determine and eliminate the cause of 

'the hangfire. Two no-load shots shall be fired 
prior to resuming normal launching operations. 

2. When using conventional bridle/peftdant 
hookup, the procedures io be taken in case of a 
hangfire during night flight operations are the 
same as those Used for day operations except for 
the signals us^d. During night operations, the 
catapult officer gives the signal for hangfire by 
holding a red wand" over .his -head in the 
horizontal position. \ ' - 

3. The procedures to be followed in case of a 
hangfire during nose gear launching day opera- ' 
^ons are: ' ^ ^ • 

a. Follow the steps afeove for hangfire 
pj^edures for conventional bridle/pendant day 
, ' opelsjtions through step f. . 

^b. The launch bar is disengaged from the 
shjittte and the shuttle is maneuvered forward. 
NOTjfe: Each catapult crew, shall be provided 
mih^ suitable tool to manually raise the launch 
bar^which is under spring load) while maijeyve- 
ring the shuttle forward. The tool insures against 
hand injuries when handling the launch bar. 
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.c. The catapult officer shall Ihen give the 
pHot the signal to throttle back. 

d. The catapult . officer 'then turns the 
aircraft over to the catapult spotter (director). 

e. The director signals the nose gear launch 
operator to move the aircraft aft. 

f. The nose gear launch operator presses 
the buffer aft pushbutton, causing the aircraft to 
move aft. 

• g. With the buffer and the aircraft in the 
aft position, the director signals the pilot to hold 
brakes. 

h. The nose gear launch operator, ob- 
serving the hold brakes signal, presses the t)uffer 
forward pushbutton to slack off- the trail bar. 
The catapult crew disconnects the trail bar. , 

i. With the trail bar removed the director 
removes the aircraft from the catapult. 

,j. With the aircraft removed, the console^ 
operator can now reduce^ the steam receiver 
pressure to no-load pressure. 

, k. The launching-valve cutout valve' shall 
be returned to the normal position, and the 
control system Shall be operated through the 
entire cycle to determine and eliminate^ the 
cause of the hangfire. Two no-loads shall be 
fired prior to resuming normal launching opera- 
tions. . ' ^ 

4. The procedures to be^taken in case of a 
hangfire at night during nose gear launching 
operations are the same as for day launching 
operations except for the signals used. Signals" 
used dyring day and night flight operations 
aboard carriers can be found in Section III of 
the applicable catapult handbook of operating 
instructions, NavAir 51-15 (Series). 

5. The following procedures' shall be used 
during a suspend or hangfire situation using 
conventional bridle/pendant hookup when, due 
to failure of tfie grab to latch onto the shuttle, 
the shuttle cannot be maneuvered aft following 
tensioning. 

WARNING; The catapult^ officer shall not 
signal the pilot to throttle back until he has 
positively determined th^t the bridle/pendant is 
no longer attach-ed to the aircraft, or, when 
operating with nose tow launch, the catapult 
shuttle is forward of the launch bar, except for 
the follpwing emergency, conditions. If the 
bridle/pendant cannot be removed or the launch 
bar cannot be raised without*$ending personnel 



under the aircraft, the catapult .officer shall 
^ positively determine tliat the catapvilt is in a safe 
condition, then step in front of the aircraft wing 
and give the throttle back signal to the pilot. 

a. ^ Attempt to remove the bridle/pendant 
by .pressing the bridle arrester return push- 
button. ^ 

b. If the lanyard tension is insufficient to 
pull the bridle/pendafnt from the aircraft hooks, 
the catapult officer shall signal the pilot to . 
throttle back, and the catapult crew will attempt 
to remove the bridle by shaking the bridle or 
pfilling on the lanyards. 

c. If the bridle/pendant canno^t be removed . 
as described above, the shuttle mast be towed 
aft utilizing a cable assembly provided with- a* 
hook on one end and an eye on the other. (The 
cable must be of sufficient length to clear the 
widest' aircraft landing gear.) The hook is 

^^chored to an* aircraft tiedown that has been 
marked for quick identification, and the cabie is 
stretched across the deck in front of theLshuttle 
spreader, with ttie eye end of the cable attached 
to a tractor. 

6. Listed belpw are the procedures to follow 
when using the nose gear launch system and the 
launch bar fails to raise automaticall)/ after they 
shuttle has been maneuvered aft, or if- the 
shuttle cannot be^maneuvered aft. 

a. Failure of the launch- bar to raise auto- 
matically after the -shuttle has been moved, aft 
constitutes an emergency situation that requires 
personnel, to go under the aircraft and manually 
raise tha launch bar. The aircraft must be* 
throttled back before personnel are allowed to 
go under it. 

b. If the shuttle cannot be maneuvered aft 
after the untension signal, the nose gear launch 
deck edge operator shall press the buffer aft 
pushbutton to pull the aircraft and shuttle aft 
approximately 8 to 10 inches. This may. not be. 
possible with the aircraft turning up at military . 
power, an emergency condition then exists that 
requires the aircraft to be throttled back to idle. 
After the aircraft is throttled back, the nose gear . 
launch deck edge operator again pushes the 
bujfer aft pushbutton, holding it until ' the 
shuttle and aircraft are pulled aft. When 4he 
buffer is fully aft, the pushbutton is released and 
the 'aircraft wilLmove forward under its idle 
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thrust. After the aircraft-moves forward and the 
launch bar raises, move the catapult shuttle 
forward of the launch bar. 0 

PERIODIC INSPECTIONS 

Prior to conducting any 3-M prelaunch inspec- 
tion or maintenance ,on catapult equipment 
(water brake;, retraction engine space, etc.) 
^ where injury could occur due to inadvertent or 
careless operation, insure ^aj the following 
safety requirements have been accomplished in 
the order indicated below: 

h Topside, control console, and retraction 
safety watches on stations. , 

2. Reduce steam pressure in X\A receivers tq 
^ atmospheric. OPEN blowdown valve FULLY. 

When conductmg a postlaunch inspection, do 
the following: ^ 

1. Disconnect the grab from the shuttle^and 
move it fully aft.. 

2. Secure the main^steam supply to the steanl 
receivers. 

3. Reduce st5&m pressure in the receivers to 
' atmospheric. OPEN blowdown vaWe FULLY. 

> 4^ Insure that the exhaust valve is in a fully 
OPEN position and that the catapult is in a safe 
condition by placing all the suspend switches in 

-a SUSPEND position. • 
' 5. ^spend retraction engine and maintain^ 
retraction engine hydraulic pressure at 2,500 psi' 
during water brakes inspection. 

6. Station a^ t^afety man'' at each of' the 
following stations to prevent unauthorized 
operation olF catapult Controls and to keep all 
unauthorized personnel out of danger areas: 
control* console; deck edge panel, retraction 



engine, and water brakes. These **safety men'' 
rhXiSt be ciualififed catapult crewmen, properly 
instructed* in the safety procedures and hazards 
involved in catapult maintenance. They man 
• sound-powered phones and maintain cojnmuni- 
dations with all stations to insure proper co- 
ordination. 

WARNING: Strict compliance with these 
safety requirements is mandatory. Only an 
extreme emergency will justify an^ deviation. In 
any event, if an inspection of the water brake 
tank area is required, the catapultis deactivated 
to preclude any possibility , of injury to tfie 
inspecting personnel due to inadvertent ipove- 
ment of the machinery. 

^7. Open the retraction "eri^e accumulator 
blowdown vaiye and tedilce'the hydraulic pres- 
sure in the main accumulator to ZERO psi. (Do 
hot blow off ait pressure in the main accumula- 
tor.) ' ' 

8. Upon complefion of water brakd inspec- 
tion, charge the retraction engine accumulator 
and shut the receiver blowdown valve and charge^ 
the receiver to applicable holding pressure. 

Lubrication of the catapult is a great aid in 
the inspection of the catapult and its compo- 
nents. Almost all of the components of the 
catafJult must be lubricated daily, or if they have 
oil cups, these must be checked daily ^because 
they must be kept full at all times. Make sure 
that the personnel making these checks are 
aware of ^ the impoi-tafice of, their task. Many 
lives and countless millions of. dollars have beeji 
saved . because . a hazardous condition or an 
imminent failure ,of a component has been 
observed by. ^an alert person going about a 
routine task. ' * ' 
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S ' . CHAPTER 5 

CATAPULT DECK GEAR AND ACCESSORIES 



This chapter deals with the deck gear and 
accessories that wojrk hand in hand with cata- 
pults covered prev|)usly.^ This equipment in- 
cludes the bridle Ifrrestere, blast deflectors, 
holdback and relea^.uniti^ flight deck cooling 
system, launching bridles and pendants, and the 
nose gear hunch (NGL) equipment. Some types . 
'of each of the above "liquipment^, the inspections 
that must be iftade, and. some of the malfunc- 
tions that may^se a^e also covered, 

A? a senior ABE,'^it is your respoj^ibility to 
make sure that all p.erspnnel are familiar with 
the operation of various types of deck gear and 
agpessories, and also; that safety pxecautions are 
established and followed. 

Safety is not, in itself, accidental. Safety is 
the result of trained personnel knowing their 
jobs and doing those jobs to the very best of 
their ability. Attention to every detail, concern 
for every function, and awareness of the pos- 
sibility of malfunction helps to nullify the 
probability of accidents due to improper opera- 
ting procedures. Mechanical failure cannot be 
completely eliminated, but trained personnel 
' can make sure a failure is a rarity. 

BRIDLE ARRESTERS 

The bridle arrester is designed for ease of 
• operation; however, becafuse. of its association 
with the catapult, which requires a considerable 
expenditure of energy to produce high-speed, 
short-run launchings, there is a potential danger 
in its operation. (Hereafter, "bridle" means 
"bridle/pendant.'0 

The bridle arrester is uted to halt the bridle 
and absorb the bridle energy, after separation 
from the aircraft, thereby preventing bridle loss 
overboard. The bridle is brought to a safe and 
smooth stop on the deck without striking or, 
damagihg the* aircraft or any of its extpmal 
stores. After 'Jh^^ bridle has been brought safely 



to rest, the arrester ' performs the additional 
function of returning the bridle to its approxi- 
mate starting point. 



TYPES ^ ^ ^ ' ' 

* * 

One type of bridle arrester in use' today, but 
only aboard the U.S.S. Lexington, CVT-16 and 
U.S.S. intrepid, CVS-11, is the Mark 1 Mod 0 
(All American). This arrester was designed for 
use v/ith steam catapults, but as aircraft in- 
ca-eased in size and weight, the size and weight of 
th£ launching bridles and pendants increased 
accordingly, as well as the end speeds of the 
, aircraft being launched, thus a better type of 
bridle arrester was needed. This brought about 
the design and manufacture of the Mark 2 and 
Mark 4 bridle arresters. These arresters were 
designed and manufactured by yan Zelm Associ- 
ates, Ina, Baltimote, Maryland, and are com- 
monly referred to as Van Zelm bridle arresters. 

The bridle arresters currently in use aboard car-* 
rierS in the fleet ^e the Mark 2 Mod 0, Mark 2 ' 
Mod 2, Mark 4 Mod 1, and the Mark 4 Mod 2. 
The Mark 2 Mod 2 and Mark 4 Mod 1 were, 
designed for use mth bow catapult installations, 
and the Mark 2 Mod 0 ^d Mark 4 Mod 2 were 
designed for use with waist catapult installa- 
tions. • ' 
, Both the Mark 2 and Mark 4 bridle arresters ^ 
are discussed in detail iJ the ABE 3 & 2, Rate 
Training Manual Coverage of the operation and 
maintenance of the Mark 2 is included, in this 
chapter. Figure 5-1 shows the generalaprange- 
ment of the Van Zehn bridle arrester. 

PRINCIPLES OF OPERATION 

• % . 

The following paragraphs explain the mechanr 
ical, hydraulic, an4 electrical functions in the 
' operating cycle. 
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RUNOUT MARI^NGS 



FROM RETRACTION MOTOR 
TO GRAVITY TANK 




3000 PSi AIR PRESSURE INLET 



AIR SYSTEM OUTLET TO SURGE 
ACCUMULATOR 



-HYDRAULIC SYSTEM RETURN TO GRAVITY TANK- 
-SOLENOID VALVE RETURN TO GRAVITY TANK. 
-2500/2700 PSI HYDRAULIC PRESSURE INPUT 
FROM CATAPULT. 



1. Strap 

2. Sm5)oer 

3. Shuttle 

4. Slider 

5. PriBary Track 

6. Secondary Track 

7. Deck Edge Control Panel 
Control Console 

9. Heat Exchanger 
10. Kfotor and Puqp Assecbly 
U. Water Reservoir, 

12. Engine 

13. Header Tank 



Figure 5-t.--General arrangementjbf a bridle arrester. 
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Tension 



, After the bridle or pendant is tensioned on 
the catapult, the arrester' return pushbutton is 
. depressed. (See fig. 5-2.) Fluid from the caiapult 
retraction engine accumulator is directed to the 
cam reset dutch cylinder, releasing the clutch 
and allowing spring tension to set the brake 
^cams. The limit switch cl^es, lighting the green 
^CAM RESET light, on tlve deck edge panel. 
Simultaneously, fluid is directed to the retract 
clutch cylinder and the pilot section of the 
retract, three-way valvcr The retract clutch en- 
gages and the thre^ay valve strokes, directing 
fluid to the hydraulic motor. The strap rewinds' 
slowly, removing slack from the lanyards. The 
return pushbutton is released. The cam reset / 
clutch engages,* the tllYee-way valve strokes, 
cutting off fluid flow to the hydraulic motor; 



and the retract clutch disengages. The arrester is 
tensioned and ready for the launch. 

Braking (Secondary) 

See figure 5-3. Durihg the catapult power 
stroke, the^sttap unwinds, rotating the dru'm, 
brake dish, brake cams, and return cam. At 90 
feet (110 feet Tor C-13-1 catapult) of pov/er 
stroke, the secondary cam opens tl^e secondary 
brake valve, directing low hydraulic pressure (90 
psi) to*the brake cylinders-. This brake force puts 
a drag load on th$ strap, preventing unwrapping 
at the drum due to centrifugal force. The check 
valve. in, the primary brake line at the engine 
restricts the secondary pressure from backing up 
through the priixiary brake valve, which is Open 
to gravity. The carii-reset limit switch opens, the 
CAM RESET indicator light goes out, and the 
. CAM NOT RESET lights Comes on. 
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PRIMARY TRACK 



B/A SHUTTLE' 



TRACK 
SLOT 
AND 

SLIDER 



SEC LANYARD 
SEC TRACK— 




BRIDLE TERMINAL 

PRIMARY LANYARD 
WIRE bridle' 



NOSE 
LANYARD" 



TRACK SLIDER 



SPREADER 



Figure 5-2j-Typical bridle hookup on Van 2elm bridle arrester. 
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Braking (Primary) ' 

The primary cam opens the primary brake 
valve, directing the main braking pressure to the 
• brake^after power stroke travel as follows:. 

J , . . " \ 

For C7 and CI 3 catapults 235 feet 

For CI 1-1 catapults 1950Feet 

This pressure is ^vented from backing up into 
the secondary sjfstem by the double check valves 
in the* secondary line at the engirte. After the 
bridle Separates from the aircraft catapult hooks, 
it is smoothly arrested within 35 to*45 feet. 
Longer runouts are permissible on ships. \Vith 
longer runout areais. 

^ Braking (Third Brake System) 

Near the end\of the required runout, the third 
brake cam (att^ed to the secondary cam) 
opens the third brake valve and directs hydraulic 
pressure 1750 psi) to the brake cylinders. This 
. pressure is applied after 288 feet of runout' on 
class 59 and albove aircraft carriers, and 241 feet 
on class 43 and below carriers. . , 



Retraction ^ . 

Hydraulic and electrical functions during the 
retract phase are the same as explained in the 
paragraph on tension, - . 

Retract speed is controlled through the cam- 
operated deceleration valve. At the start of the 
return phase, the deceleration valve is wide 
open.. During the return stroke the return cam 
rotates, closing the deceleration valve, gradually^ 
bujlding 'up- a back pressure in the hydraulic 
motor discharge line to tetard the motor's 
rotation. Near the end of the return stroke, flow 
through the main spool of the deceleration valve 
is completely shut off. However, a small flow 
through the bypass section of the valve afforcls a 
slow return speed in the battery area. Prior to 
engaging the snubber (approximately 1 ft), the 
full aft limit switch opens, deenergizing a relay.* 

1, and. lighting the FULL AFT POSITK)!^ ^WU^: 

'light. 

Low Energy pperation 

Bridle arrestments during low-spee4 launsljes 
of aircraft would result in extremely shqrt braice 
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' / &rake"Off' 



_ Aircraft Tow 
k Fitting 




4 



^Strap Drum 

Multiple Disk ' 
Clutch Disengaged 

"•Returrf Drive "Off" Secondar/ brake applied with low pressure to keep 
strap taut. , • ^ 



Catapult 
ShuUle 




Multiple Disk > 
CJutch Disengaged 

( 

-^Return Drive "Off' 

^ r 



Arrester brakes applied just prior to the 
catapult broke stroke. 



□ , □ Braked "CXr* 




{Multiple Disk 
I Clutch Engaged 



-Return, Drive "Oa" 



Lanyard 

A 



Bridle 



Hydraulic motor turns thfr 
strap drum for rewfnd. 



.99 



Figure 5-3.-^peration sequence of Mark 2 bridle arrefter. 
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mns with the foil brake system effective. There- 
fore, when launching aircraft at low catapult end 
speeds (70 to 1 00 knots), provision is made to 
shut off half the brake system. Opera tfonal 
events remain the same except the brake pres- 
sure is applied to two instead of four brake 
pucks. This is accomplisjied' by closing 'the 
LOW-ENERGY valve located under the engine.' 

Brake Cooling 

See figure 5-4. Wh^en the bhdle^rrester'power 
s,^itch is turned on, the electric-motor-driven 
pump delivers fresh water to the cooling tubes 
mounted in the top and bottom sections of the 
brake enclosure. A continuous spray is emitted 
. through holes in the cooling tube onto the brake 
disk. The expended water is returned to the 
35-gallon fresh water tank. A sepfarate salt water 
heat exchanger maintains an approximately con- 
stant temperature of the^ fresh water. 



Emeigehcy Operation * * 

•In the event the deck edge control station is 
damaged, it is possible to ^operate the Mdle 
arrester from ^he main console below deck. This 
is accomplished by shifting t^e rselector lever 
located on the mam consdle from the deck edge 
to the console position, and the bridle arrester 
transfer switch from 'NORMAL to EMER- 
GENCY. All phases of operation are the sante as 
previously explained except that the primary 
brake pressure is adjusted, usin^ the regulator on 
the main console, and retract is accomplished by 
using the pushbutton on the main console. 

OPERATING INSTRUCTIONS 

Prior lo each -day's operation, complete the 
PMS preoperational MRC. Insure that there are 
, sufficient bridles and/or pendants available to 
satisfy the scheduled launch. \ ^ 
>Jo hook up the aircraft: 

1. / Pull the arrestei: shuttle for ware} to the aft 
end of the deck tensioner cover. This position 
will yield sufficient lanyard slack to permit 
hookup of all types of aircraft. 

2. Attach the bridle or'pendant to the^ shuttle 
and sliders as shown in figure 5-2. 



To tension the bridle arrester: 

1. After the aircraft is tensioned on the 
'catapult, and at the signal of the petty officer in 
charge of hookup, the bridle arrester deck edge 
operator depresses^ and holds the return push- 
button until all the lanyard slack is removed. 

WARNING: Make sure the iea is clear of 
persojinel prior to giving ^the*tension signal. ' 

2. ' After the pushbutton is released, the shut- 
tle will snajp forward a very short distance and 
the trailing lanyards will relax. This is normal. 

CAUTION: Do not launch with the return 
pushbtitton, depressed. This will result in late 
"brake appb'cation with attendant loss of strap, 
possible damage to the retractor motor, an^ 
possible premature bridle/pendant release. 



Setting Primary Brake Pressure 

. The , catapult officer • must determine the 
proper primary pressure depending on the type 

* aircraft being feunched 'and the catapult end 
speed. He will find this pressure in the tables 
furnished in the Catapult Deck Gear and Acces- 
sories Bulletin pertaining to the operation of the 
Mark 2 bridle arrester.- ' 

CAUTION: Excessive brake pressure will re- 

* suit 'in short brake runs and probable aircraft 
damage. , ^ 

The bridte arrester operator sets the pressure 
, ^t directed by the catapi^t officer. 

NOTE: Minor deviations to the primary brake 
pressure settings 'are permissible to attain a 
minimum of 35 feet of to^t^ runout when usifig. 
lighter weight bridles, or to complete the arrest- 
ment of heavier weight bridled in the space 
available on vessels in the CVA-43 cjass and 
below. However, 'any deviation in excess of 100 
psi necessitates a thorough inspecticm of the 
. equipment. 



Ready for Launch 

The arrester .operator cjiecks the pressure 
setting and the CAM RESET indication (green 
, light on). ' 

The operator signals the catapult officer that 
the arrester is ready for launch. 
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SEA WATER RETURN 



.ship's SEA^WATER 
SERVICE 




DRAIN 



1. Cooler^ 

• Z Engine. 

\ a Spray tubes. 

4. Reservoir. 



5. Drain valves 

6. Pump-motor set 

7. Relief valve. 



Figure 5*4.-CooUng system. 
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;Retract (BowCatepults) 



•The signal, CLEAR TO RETRACT; is given - 

, by4he bow safety man.' J , . , ' 

• The petty officer in charge of hookup^ signals 

After the arrestmer,t is complete, the bow <i'^,,^^:^op,^'°lt'T1.T^\ 



safety man notes the runout and positions the 
shuttle spreader cover. 



101 



ERIC 



WARNING: Make sure , the track is clear 
before retracting. 
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"X^The arrester operator depresses the RETURN 
Mshbuttoh and holds it until the hookup petty 
^^fficer gives the signal to stop. 

. NOTE: Stop the arrester shuttle at the aft end 
of the deck tensioner cover. 

As soon as the bridle clears th^ catapult' 
shuttle; the bow safety man removes the shuttle 
spreader cover and returns to the catwalk. . ^ 

Retract (Waist Catapults) • 

-Due to the physical arrangement of waist 
catapults, a different retract procedure is re- 
quired, as follows: 

1. After the arres,tment is complete, note the 
brake run. 

2. Retract the catapult shuttle. 

3. Retract the bridle. 

CAUTION: Prior to launching an aircraft - 
from the opposite catapult /waist), make sure 
the bridle is clear on the other catapult. If not, 
the aircraft may be damaged by rolling over the 
bridle. 

Low Energy Ope|ation 

^ Bi^dle -arrestments during low-end-speed 
launches, and when operating \vith lightweight 
bridles/pendants, would result in extremely 
short brake runs if the full brake system were in 
operation. Therefore, for operation at low cata- 
pult e^id speeds, a remotely controlled high-low 
energy brake valve is installed on the bridle 
arrester engine, in the line that supplies hy- 
draulic fluid' to one set 6f the brake pucks. 
During notmal operation, the valve is coptroUed 
by a toggle switch located at the deck edge 
contrpl' panel; during emergency operations, it is 
coritrolled' by a toggle* switch located on the . 
main control console. Indicator lights are pro- 
vided at each' location to show the position of 
the valve. A red light indicates the valve is closed 
and in t|ie iow-energy position, a green light 
indicates the valve is open and in the high-energy 
position. ^ ^ . * 

^ During operations, the high-low energy valve 
IS normally in the open (high-energy) position. If 
use of th^ low*«nergy system 'is required, the 
procedure is as follows: * 

L After retraction of the bridle arrester is 
completed; the bridle arrester* operator closes 
the low energy yalve. ^ * • 



..CAU]10N: If the LOW-ENERGY valve is 
closed prior to retraction, brake pressure v/ill be 
trapped in one jset of the brake cylinders and* 
retract cannot be* accomplished. 

2. Prior to giving the READY TO LAUNCH 
signal, the arrester operator must inform the 
catapult officer of the valve status. 

3. All other operational procedures are the 
s^e as for high-energy operation. 

MAINTENANCE 

Maintenance instructiops. for the bridle ar- 
rester delineated in* this section are limited to 
general procedures that can l)e used as a basis for 
supervision by the^senio^ ABE who is charged 
with the maintenance and operation of' this 
equipment. * * ^ 

A maintenance program, to 6^ effective, must 
encompass the following objectives:' 
, 1. Safe condition of the equipment before 
use. ' * 

2. Efficient operation to insure safety of 
personnel and maximum service* life 6f the 
equipment. \ . » > 

3. Minimum dc^wntime by adoption of cor- 
rect and efficient rei^air proce'dures. 

4. Thorbugh familiarization with the equip-* 
ment to enable maintenance personnel to recog- 
nize abnortn^ operations or indications of 
malfunctioning. * ' ^ 

. Maintenance personnel- should bring to the 
attention of the officer in charge all cases of 
malfun6tion, wear, looseness, Jeakage, damage, 
or any other irregular conditions pertaining to 
the equipment. They should also know the, 
physical^ location of all operating parts, electi-ical 
supply lines,' valves, switches, fuse boxes, tools, 
and spare parts.- 

Some of the general maintenance procedures 
and' considerations are: 

1. Keep equipment' as cleaii as possible. Using 
a clean cloth, wipe down daily to remove excess* 
grease, dirt, and .6il. Remove rust and paint as 
often as necessary. Do not 'paint threads or 
finished'^surfaces. ' ' ^ 

NOTE: If threads or finished surfaces are 
painted jn error, remov^ the paint by api)lying 
^aint rempyer. 

2. Check for Joose or damaged bolts, mts^ 
screws, ^d jlockwire.' Jighten or replace as 
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necessary. Use correct tools of. proper size at all 
times. Replacement J>blts mast b& equal to or 
-greater in strength'tiia^ the ori^nal bolt, and all 
replacement parts shoijld be greased to retard 
rusting * 

^3". Check frequently for hydraulic leaks. 
These » are most likely to ocotir at joints, co\}- 
plings, or around packings. ' 7 

4. Inspect, clean, and bil all machined sur- 
faces regularly. 

5. Grease exposed surfaces of engine compo- 
nents when it is anticipated the equipment will 
be inactive for one weelc or longer. Wipe off 
excess grease when the equipmentisteactivated. 

6. Mainfain^ a constant alert for any unusual 
sound or action of the equipment. Report any 
unusual condition to the catapult officer for 
investigation. 

, 7. Check condition and quantity of spare 
parts ^gamst. allowance list. Requisition antici- 
pated needs as required.- ^ » 

8. Whenever components are cleaned with an 
alkaline solution, make spre that the residue is 
completely removed before reassembly. This is 
ne.cessary to prevent fo^atlon of soapy prodA^ 
ucts in the lu]brication system and between close 
tolerance components. Use a jet of wet steam 

■ • from a suitable nozzle for this purpose whenever 
possible. In all other instances, remove alkaline 
residue^bj!' repeated flushing and vigorous brush- 

^ ing with a nuneral spirit solvent. Pay particular 
attention to. crevices, holes, and cavities where 

. such residue may accumulate-. Aft^r parts have 
dried, look for surface film^or powder indicative 
of incomplete removal of alkaline material. Any 
.such indication necessitates recleaning with wet 
steam or solvent. 

• 9. Finished* surfaces of machined or plated 
parts should not be buffed or abraded with 
either wii^e brushes or abrasive cloth, or polishfed 
withThy polishing compound for the purpose of 
removing discoloration or restoring smoothness. 
Exercise caution in handling or storing these 
parts in orderi to avoid scratching and/or 'dent- 
ing; fatigu6 failures may(bepn at sections weakr 
• ened.by such local dimeiisional reduction. 

Periodic inspection schedules shotild be con- 
*sidered as' minimum preventive' maintenance 
requirements and be performed in accordance 
with the WLRC's provided each sWjJT These cards 
arc located in each work center. 



During launching operatibns, 4he following \| 
^checics must be made: 
r. y^ter level.' 

2. Sebondary iam slippage. 

3. Sectary brake pressure.* 

4. Fluid Ife^ks. 

5. Conditioivof bridles, lanyards, and shack- 
les. ^ 

To clear the r^very area after the last 
launch on No. 3 i^apult, the bridle fester 
shuttle must be rem^d. To do so, proceed as 
follows: . ^ 

1. Retract the arrester^uttle to the slotted 
section of the primary track. 

2. Lift the shuttle out of tiif track and . stow 
it in the catwalk. 

3. Remove all sliders. ^ • . - 
'In the event the deck edge coiftrol station 

suffers a casualty, the bridle arre^tgtcontrol 
^may be transferred below deck to Wniain 
console. To do so, proceed as follows: 

1. Rotate the biidle arrester transfer swlteh 
(TSR) to the EMERGENCY position. 

2. " Shift the selector lever' on the main con-^ 
sole to the CONSOLE position. 

3. Tension and retract are now accomplished 
by using the RETURN pushbutton on the main 
console. 

4. Adjustment of the fJrimary pressure is 
accomplished by adjusting the regulator (pri-' 
mary) on the main console. * • 

5. All commands between the (Jeck and the 
arrester control station (main console) must be 
delivered via sound-powered telephones. 
/NOTE: When bridle arrester operations are 
controlled below deck at the main control 
console, LOW-ENERGY operations are. accom- 
plished by closing the LpW-ENERGY valve, 
using the toggle switch on the main control 
console. In the event of electrical failure in4he 
high-low energy valve system; the Valve can be 
manually operated by use of the handle pro- 
vided with' each valve. Place the handl? onto the 
spindle on top W the valve, depress the handle 
and spindle, andv then ^tum the valve to the 
desired position, eit|ier open or closed. 
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Securing After Operations 

Before this equipmeriti^ secur^d/reliability of 
its operation for subs^lMt u|5,.m;i^t be as- 

103 ' • , . i iAl ; I ^ ■ ,.): 
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• sured. The PM§ ppstbperational MRC must be 
completed, qll malfunctions must be porrec'ted, 
and all needed repairs or adjustments m^ade.' - 

I This equipment does not require continuous 
moi>itcfring by personnel duriftg the .secureci 
period.- \' ; , ; » . - 

l;Tlie following^procfedure-is used to'secure th^ 
equipment for short jshutdown- periods : • 
^^ l. Retract the shuttle ^o the FULL AFT 
position. r . • , « 

2. Reduce the primary pressure to ZERO. 

3. Turn the^electrical^ power OFF.^ • • 
' • 4. -Close the main fluid supply valve. 

5. Close and loAc the *deck*edge consple. 

The fbllowing procedure is used to secure trtte 
equipment for extended shutdown periods. 

T. Retract S^e^shuftle to the FULL AFT 
po^iiioji. i^., 

2. Cose tl^'mmn fluid supply valve. 

1 ked&ce 'all fluid and air pressut^es to 
ZERO. . . 

4. Drain, clean, flush, and refill the water . 
tank. . V 

5. Flush the coolant discharge lines by using^ 
the flushing valve. , ' ' 

6. Turn the electrical po^Yer OFF. 

7. Close and lock the deck edge console. 

All personnel involved with launching opera- 
tions must become thoroughly famihar with the 
following precautions: J 

1. Qear the deck of all unnecessary person- 
nel when firing no-loads with bridles, and station 
a watch to insure continued compiiance."^ * 

1 Avoid congestion at the deck edge con- 
trol station. ' ^ ' ; . 
* . : 3; not anticipate commands. . / 

4. E;^Qcute readiness signals in deliberate,-- 
and precise fashix!)ns. / , «. 

5. Make' sure all deck hardware; is.m good, 
cphditicft. , " 

6. Caeck all fastrfers for security. 

7. Do not depress the return. "button at, the 
Start of or during a launch. . 

8. Make sure the arrester-is tensioned before 
•laiihchihg.]*'^ ^ \ . ^, 

/ §, Th^ green CAM RESET^ light must be on , 
priof to4aunching. . ' ^; * - ' ' 

10. ;bb i^bt cross the tracks Avhile the tridle is 
retraofin'g. . ^ \ 

1 K Avoid standing in the. bight of the bridle ' 
at aiiy time. ' ' ''S / 



12. On waist catapults, make sure the bridle 
is clear on the opposite catapult before launch- 
ing. . 

13. On waist catapults, remove the bridle 
arrester shuttle ind slider .from fhe number ? 
cataptrlt prior'to^recjDvery operations. 
. . 14. Make <5ufe^ the primary pressure is set' 

^. prior to the laui^ch. • ■ - ^ ' 

All personnel Stationed below decks must 
become familiar 'with the-fcttfowing-precautions* - 

1. All.persojinel stand 'clear of the arrester ^ 
^n^ne while: ft is operating. ' 

2. Make sure the brake system is thoroughly 
vented and wedges are removed. 

3. Make periodic *checjcs* of fhe watef leyel 
and secondary brake pressure during operations. 

4; Oieck for pam slippage during extended 
launching^eriodi' - . . , . 

5. Change the i^osition of the LOW-ENERGY 
valve only when duectect by the catapult deck 
edge operator. AjEfKNOWLEDG^ all changes. ' 

6. Report all: equipment discrepancies, such 
as fluid leaks, loose components^ unusual'hoises, 
etc., without delay. * , ^ 

7. Do not permit grease or oil to get on the 
brake disk or pucksi 

8. Use only fresh waterjn the cooling systejm * 
reservoir. * . ^ ' - 
' Prior to the first launch of the day's opera- 
tion, all preoperational checks on the bridle 
arrester* must be ^mpleted and so indicated on 
the weekly PMS sBiedule located in each work 
center. f 

TlfenHfr-also an operation check to be made 
of the bridle jarrester. During no-load firing 
• ' 1 . Use an inverted A-4 bridle. " * 
^ 2. Set the priraary/brake pressure in accord- 
ance with the applicable catapult deck gear and 
accessories service^*bulletin.* _ * ^ 

> 3. Fue two phots' at catapult end speeds of* 
110 to 120 knots. -' ' ^ 
4.r<3ieck for average brake runs of 35^ to 45 . 
/eet * ' I : . ' 

At the completion of each day's opecation the* 
foll6wing checks .must be made: '/ 
1 . Check the strap for wear, kinks, and nicks. 
2i Inspect the .shuttle for damage, excessive ' 
wear to^hoes, pks, springs, and cover. " > 

3. Inspect the spubber for security.' 

4. Inspect the, bridle impact area for^lpo^e 
track, holddown*. screws, and 4afnage^ Pullhhe 
track slot feage through the impact, area. - . 
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5. Check the engine for loose bolts, nuts, and • 
fluid leaks. . • • * ' 

6. Main supply valve CLOSED. t 

' 1. Valve in the pitot line to ti^e three-way 
valve CLOSED. ' ^ 

Reduce the primary pressure to Zer^ 
the deck edge). ' ,^ „ 

Replacing the Brake PVcks 

The 4-inch. brake piicks are replaced between 
600 and 700 sliots regardless of the amount of 
.wear. To repface the brake pucks the following 
steps are taken. (Sqp ^gs. 5-5 and 5-6.) 

1. Remove the brake and disk lower cover by 
disconnecting the water hoses and removing the 
- attaching thumbscr§^ys. 
2.. Open the vent valves. 
/ 3. Using ^ pry ffig. 5-6 (A)), move the brake 
piston back against the cylinder cap, then 
•remove the^^rdke puck as in <B) of the figure. 

4. Install the new bra|^ puck. 

' , CAUTION: fhsum th^ grease or hydraulic 
- fluid does not ge^n the brake puck or disk 

while installing new pucks>* and also that the 
^ brake cylinders are .vented of all^air prior to 
^ operating the equipment. ^ 

5. Close the vent valves and pressurize the 
system. 

6. Reinstall the l?rake and clisk lower cover 
and the water hoses. 



.JET BLAST DEFLECTORS 

There are various types of jet blist deflectors 
(JBD's) in uscv For identification of the difr 
ferent configurations, a model number has been 
assigned to the '.various JBD's used in th^ fleet 
and those planned Yor future installation jin the 
fleet. The model number for JBD's consis^ of a 
Mark and Mod number, such as Mark 1 Mod 0, 
Mark 1 MoO. 1, Mark 3^ Mod 0, Mark 3 Mod 1, 
.etc. The- most common type of JBD in usJ is^the 
multipaneled, water-cooled type. Until recently, 
tlie power source for JBD operation -.wis sep,- 
arate frgixi the catapult system. Although soriie 
of ther existing JBD installations still have a 
separate power source, recent service changes 
have (or will in the near future) modified most 
of the configurations to utilize Jhe main hydrau- 




lic system of Jthe catapult. T^e coriRgurations 
utilizing a power source other than^ the cata- 
pult's fnain hydraulic System can be operated by 
either an electric motor or a separate hydraulic 
system. • • , 

\ Mark 3 Mod 0 and Mark 3 Mod 1 JBD's . 
jfof the multjpapeled, water-cooled type. The 
."Bifference^bptween^'the lylark 3 Mod 0 and the ,^ 
Niafk. 3 Mod' 4 is' the power source— the Mod Q '/ 
has a^separate" hydraulic system, and the Mod i 
utilizes the catapuU*s vam hydraulic system. 

This clia^ter deals only with^the Mai;k 3 Mpd 
1 installed aboard, the earners* CVT- 16, CVA-34,' 
and CVA-43. The Mark 6 Mod 1 installed aboard 
the carriers CVA542, €VA-59, CVA-61 through 
CVA-66 is covered in ABE 3 & 2, NavTra 
10302-G. A listing of XBD's by model number 
and applicable NAVAIJl handbooks for each 
model can be found, in JBD service bulletin No. 
1 , revision B. . ^ ' 
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ON AND OPERATION 



This section contains a detailed physical 
description of the JBD panels and a ^letailed 
functional description of the mechanical linkage 
and the. opera ting systems, including the hydrau- 
lic and the water systems. 

All JBD panels are of unit construction. The 
paner structure consists of a network of cross- 
stiffenefs welded to an extruded aluminum 
panel. On all water cooled "^panels of JBD*s 1,2,. 
and 3, the'^ extruded sections ^are mitered to * 
prpvide an .intake, internal flow, and outlet for 
drculating water. The -water enters and leaves 
the panel \thr6ugh transition pieces that are 
welded to^'the paneL \ 
* The mechanical linkage is hydraulically actu- 
ate4 to raise and lower a deflector panel. (See 
iig. 5-7.), Each panel has a hydraulic cylinder, 
clevis, and driving arm. The small JBD *1 
outboard' panel ha^ tv7o lower and two upper 
actuating arms, whereas all other panels have 
four each. The driving arm and lower actuating 
arm^re welded t<j a trunnion shaft which fums 
in .^r trunnion bearings. 

Raising and Lowering Panels 

To, raise a panel, hydraulic pressure is applied 
. to the h/draulic cylinder whose piston actuates 
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.MANlFotO 






BRAKE DISK 
LOWER COVER 



•QUICK OlSCONNECT.FITTINGSr 
Figure 5-5. -Bridle arrester engine, btak^ sidr. 
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* the driving arm whicH turns the trunlrion shaft. 
As a result, the lower and upper actuating arms 
ar^ extended, as shown in the lower portion of 
figure 5-7, to raise the panel through'a 6(Megree 
angle (55 degrees for all inboard and outboard 
panels on CVA-34' and"CVT-16, and only the 
JBD 3 inboard and outboard panels on CVA- 
43). The actuating arms travel slightly beyond 

. an inline position, thereby locidng the panel in 
an oyerccntef'ppsition. The louver arms contact 
positive stops in this position. 



To lower ^ pahel^hydraulic pressure is applied 
to thi o^c^it? enji of the hydrauhc cylihden^ 
Tliis reverses the direction of motion-Sf ^ the 
piston and the mechanicaLIinkage, and causes 
the panel to lower to its normal position flush 
with the depk. ^ ^ 

For maintenance purposes, auxiliary supports 
should be fabricatea to hoM the panet in the 
raised position. • , t - ^ 

A chain >fall is required in orde^ to release the 
arms an'd links from the mechanical stop posi- 
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Figure &7.— Mechanical linkage. 



^ AB.357. 
Figure 5-6.— Removal o? brake puck. 

jfion when lowering the panel by manual means 
(fi& 5-8). ' ^ ^ 



hydraulic system. In the following paragraphs, a 
basic JBD fiydraulic system is .jdescribed in. 
detail. " 

Figur© 5-? (C) shows several components of 
the catapult hydraulic system, and those items 
•'•tfydraulic System ' ' . ' ■ of the JBD system that lead- to the 4-\yay valve. 

. ■ , ■ This Valve, whidi" has three possible settings, is 

. Each jet blast deflector has a hydraulic system shown ifi' the NEUTRAL position. Pressurized 
which is an extension of the associated catapult . -fluid from the catapult pumps is'appUed through 
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' Figure 5-8.— Panel-manual towering arrangement 



a filter assembly of the JBD system to pressure 
port Pof the 4-way valve. With the valve in the 
NEUTRAL of the 4-way valve. With the valve in 
the NEUTRAL position, the fluid path termi- 
nates at the valve. The return litre from port T of 
the vah^e goes' to the, catapult gravity tank. The 
filter assembly is equipped with a bypass valve 
which can be positioned manually to bypass the 
filter element in the event that it. becomes 
clogged. ' 

Figure 5-9 (A) sljpws the 4-way valVe in the 
UP position and the^resultant fluid flow to and 
from the hydraulic cj^indor. Fluid passes 
through the valve from port P to port A, and 
through an orifice wj^ch limits the rate of flow/ 



The fluid is apiplipd to port A of the cylinder by 
way of an isolation valve. Fluid pressure forces 
the piston forward and raises the JBD pa»gl. 
fluid ahead pf the piston flows from port 
the cylinder tb ^ort B of the 4-way valve aim 
returns through the valve by way of port T to 

\ the gravity tank. The rate of ascent is controlled 
by^the size of thB' orifice in the orifice ifiiion. As 
ihe panel approaches its upper'limit, the rate of. 
ascent is slowed by hydraulic cushiomng. 
brought about by. hydraulic cylinder design, this 
cushioning is necessary, to ^)revent damage to the 
mechanical lin*kage-'as the lower actuating arms 
contact the positive stoics in the over-center 

• position.' ' * , - * ' • 

^Figure '5^ (B) shows the 4-way valve in the 
DOWN position and the reversal o^' fluid flow in 
the cylinder lines. Fluid no^ passes through the 
valve from port P to port B and fs applied to 
port B of the cylinder. Th^ piston is forced back 
and the JBD panel is Iqwered. Fluid leaves poft 
A of the cylinder and passes through the orifice 
and tjiie 4-way valve, by way of ports A' and T, 
to the catapult gravity tsink. The rate of descent 
of the panel;is determined by the 'size of the. 
orifice in the orifice union. As the panel 
approaches the deck, its descent is slowed to 
prevent it from slamming into the deck;, this is 
accomplished through the design of the hydrau- 
lic cylinder. 

^ping diagrams of JBD hydraulic systems are 
-shown in -figure 5-10. Those in (A) of the»figure 
have identical hydraulic systems. Note that the 
system "in figure 5-10. (A) is similar to the basic 
system just described in figure 5-9, but has 
additional 4-way valves and cylinders to operate 
the two additional JBD panels. The diagram in 
(B),of figure 5- 10. also shows three 4-way v^ves, 
but th'feir orientation is different from those 
shown in (A). ^ Note that the UP and DOWN 
positions are reversed and that the A and B lines 
are likewise reversed at the valve. These are 
physical" differences that permii the UP position 
to be in the forward direction at all control k 
stations. on. th^se two vessels. Functionally, there 
is nadifference since the flow is still from port P 
to port A t€. raise the panel, and from port P to 
port B to lower the panel. Thus, the 4-way 
valves on CVA-43 are orient^ to pennit raising 
and lowering with the control valve handle in 
the same position relative^lo the. JBD operator. 
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Figure &9.^Basic hydraulic schematic diagram* 
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Figure 5-10.-SyttBm hydraulic schamatic diagram. 
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Each JBD ptapult hydraulic system ties injo its 
associated <:atapult hydraulic system. 

The opferating controls for ,all JBD's are 
located at the deck edge control sTtations. Each 
JBD panel is separately controlled by means of a, 
' 4-way, 3-po$ition valve. These valves are grouped' 
together as shown in figure '5-11. The valves afe 
arranged so that the outboard control and UP 
position are forward, except for JBD 1 on 
CVA-43 where they are aft. ^ .^.^-V^ . 

CAUTION: During launching operations, be 
sure the tail of the aircraft is clear of the panel's 
travefarc before raising the panel. 

Should a leak occur in the JBD portion of the n 
hydraulic system, this portion cah Ije isolated 
from the catapult system by cloaiYg'the shutoff 
valve on 'the high pressure side o\ the JBD filter 
assembly. J 

In the event of failure of the catapult h-^drau- 
lic system or the JBD portion of the system, the 
JBD panels can be lowered manually. If fhe 

4- way valve is operative, -select the DOWN 
position. Attach a chain fall to the clevis and to 
a pad eye on the bulkhead as shown in figure 

5- 8, and then pull the actuating arms past dead 
center with the chain fall. The chain fall only 
breaks the knuckle. It has no control over panel 
lowering; the pariePs own weight will lower it to 
the deck. ' % 

If th^ 4-way valve cannot be moved to the 
DOWN position, or if fluid cannot-flow through 
the 4-way valve, close the isolaticjn valves to the, 
affected hydraulic cylinder and fbleed fluid &t 
the cylinder by using the cylulderfs vent valve br 
by discMnecting the cylinder's 'hydraulic hos^. 
After venting the cylinder, proceed .witlw the 
chain fall as described above. \ 

WARNING* To avoid injury to personnel 
preparing to lower the panel mani^lly, the panel 
must be held^ih the up position by supports 
until actual lowering is commenced. 

JBD Cooling System 

The center panels bf all JBD's,*as well as the . . 
inboard panel of JBD 1 aild 2 on CyT-16, are* 
provided with a circulating water system to 
remove^heat that is generated by the jVt exhaust. 
The panel inlet and outlet water lines* are 
flexible hoses which interface with piping from 
individual salt water cooling stations. These 



cooling statioiis supply water horn the ship's 
firemain to the respective Jhl) panels. These 
stations are equipped vc^ith a pressure. regulator 
and hytrol valve to' regulate and, control the 
water to the panels. A pilot valve is located at 
each JBD "deck edge control station^ to control 
cooling water to that JBiys water cooled pan61., 
CAUTION: All water-cooled panels can be 

. damaged by excessive - heat from jet engine 
-exhau5f if cooling water is not flpwing into the 
panel under full pressure of 40*psi. Water leaving 
the^ panels is forced through a small orifice, 
which^retains 9 solid head of water in the panels. 

JBD 1 on CVA-34 and CVT-16 is equipped 
with an electrical interlock. Thi^ prevents raising 

^ the center and outboard panels while the bomb 
elevator, immediately aft of these panels, is, in . 
the down position. TTiis is accompfished by limit 
switches which are tied into a motor-operated- 
bomb-elevatof-interlock' valve. The electrical 
system is under the cognizance of the Naval Sea 
Systems Command^ 

MAINTENANCE. • ^ . 

Maintenance procedures for JBD's are'eovered 
in ABE 3 & 2, NavTra r0302-C. All maintenance 
on the JBD's is performed in accordance with . 
applicable Maintenance Requirements Cards. 

SAFETY PRECAUTIONS ^ 

As mentioned at the beginning of this 
chapter, safety is a prime concern of the $enior 
Abe. Safety is the result of trained personnel 
knowing and performing their duties well with 

, attention to detail, concern for every function, ^ 
and awareness of the possibility of malfunction. 
Safety precautions must be observed by all 
operating, maintenance, and deck personnel, and. 
any other persons* located m the area of related ' 
catapult equipment. Copies of safety precau- 

• tions are normally^ posted in conspicuous loca- 
tions to enable afl personnel to become thor- . 
oughly familiar with them. 

o I 

FLIGHT DECK COOLING SYSTEM 

Flight deck cooling pands^e in'stalled on aU • 
operating carriers. .They are for the protection of 
the flight deck from the high temperature 
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exhaust gases of jet aircraft that are la'un.ched in 
after-burner and/or in a nose-high attitude, 

The panel is mounted flush with the deck in a 
' location between the catapult track and the jet 
blast deflector. IJ is made of aluminum or steel 
channePwelded together so that sea water is . 
circulated evenly through the, panel to carry 
away the heat. Cooling water is supplied to the 
panels from the-ship*s firemain. 

The" sea water lupply to each cooling paael. 
passes through ^ a cutout valve (1, fig. 5-12), a 
reducing valve (2), and a 'remotely operated 
spring-loaded hytrol valve (6). A bypass with a 
manually operated throttling valve (3) is fitted 
•around the reducing valve (2). A relief valve (4) 
and a test gage (5) are fitted in a reducing valve 
discharge line. Remote operation of the hytrol* 
valve (6) is from a point near the catapult ' 
console. "Fqt remote operation, a manually 
controlled pilot valve (7) is used. When the pilot 
valve is turned to th^ ON position, water at 
firemain pressure enters under the Jiytrol valve 
diaphragm, opening the valve and allowing water 
to enter the cooling panel. When the pilot yalve 
i§ turned to' the OFF position, the watei- is 
drained from' under the diaphragm, closing the, 
valve. After the hytrol has closed, the pilot valve 
is turned to the NEUTRAL position. 

When the reducing valve is inoperative, it is ^ 
necessary to throttle the supply to the cooling * 
panels by using the manually operated throttling 
♦ valve. When .this valve is used,uhe cooling water 
^o. longer passes tnrough the pytrol valve, and 
the remote control system is not in effect. 

Downstream of the hytrol valve, the line 
branches intp two lines ^(8) to enter the cooling 
panel. Two discharge lines (9) from the panel 
-combine into one discharge line. This line 
contains a pressure gagp connection and an 
orifice. 

The pressure igage (10) is mounted near the 
catapult console. The orifice (1 1) is installed to, 
hold a back pressure on the panel as an aid in* 
the control of the water flow thJough the panel. 
The discharge line from the panel discharges^ 
overboard near the sliip*s waterline through a 
remote contrbl scupper valve (12) installed in* 
the discharge line near the shell of the ship. The 
scupper yalve *s controls are located on the deck 
above for convenience of operation. 

NOTE: TS^eAupply of cooling water should.be 
checked before and during operation of jet 



aircraft by observing the pressure gage at the 
catapult console. I 

The catapult persoqnel^ |iould check for 
proper operation aifd cleanliness of the flight 
deck 'cooling system. At fimes tt may be->^ 
necfesary to niake adjustments or minor repairs 
to the system. When making' repairs or adjust- 
ments, to any of the valves, refer to the 
manufacturer's instruction book for the proper 
procedures. ^ ' . 
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OVERBOARD 



FIREMAIN 



1. Cutout vatve. 

2. ReducinQ vatve. 
3* Throttling vatve. 

4. Relief vatve. 

5. Test gage. 

a Hytrol valvar 
7. Pilot valve. 



*8. Inlet lines. 
9. Discharge lines. 
10. Pressure gage* 
1?. Orifice. • 

12. Scupper velve« 

13. Hose valves. 
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FIgura 5-1 2*— Typical, piping schematic for deck 
cooling r^enel. 
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In an emergency, cooliijg water may be 
supplied to*^<the panel' through two 2 1/2-inch 
hX)se valves (13). Firehose may be used from a 
nearby fireplUg. 

CAUTION: To prevent a pressure buildup in 
• the paner when operating aircraft from the 
catapult without the use^ of the panel, .insure 
' that the scupper valve is open to provide a vent. 

LAUNCfflNG BRIDLES AND PENDANTS 

An ideal situation when launching aircraft 
' from the flight deck of a carrier would be for all 
aircraft to have nose gear launch capability. This 
is not*^ case, however, and many aircraft 
utilize a bridle or a. pendant as a means of 
transmitting the force of ^he catapult shuttle to 
the aircraft* 

As a senior ABE assigned to a catapult crew, 
it is your responsibility to uisure that the 
bridle/pendant hookup procedures for each indi- 
vidual type aircraft are strictly adhered to. 

One of the greatest hazards in catapulting 
aircraft is premature bridle/pendant shedduig.. 
As an ABE, you must always be alert and aware 
of the importance of proper hookup of an 
aircraft Some of the factors that may occur 
singly or in combination to cau^ premature 
bridle/pendant shedding are: f 
' 1. Mispositioning on the aifcfaft's catapult 
hook by the hookup crew. 

2. Mispositioning caused by relative motion 
between the terminal and the aircraft's catapult 
hook after catapult tension has been applied. 
, 3. Bfcjdle mispositioning because 'of bridle . 
twist* 

4. Tension bar.mispositipning. 

5. Aircraft brakes being applied durmg ten- 
sioning. 

Tests of aircraft hooks indicate that, to some 
extent, ^all hooks are subject to bridle misposi- 
tioning. , Therefore,, continuous emphasis in, 
proper bridle hookup and rigorous inspection 
after aircraft tensioning are considered the only 
practice Solutions to the mispositioning prob^ 
lem. 

When catapulting aircraft, always refer to the 
-applicable catapult deck gear and accessories 
service Bulletin. The bulletin includes such in- 
formation as the type bridle or. pendmt to be 



used and any added precautions that must be 
' taken with a certain type aircraft. * 

A maintenance requirements card is provided 
Jot all launching accessories and gives such 
infor.mation as inspection and replacement cri- 
teria, and stock number and length of lanyards 
used with each, bridle or pendant.^ 

HOLDBACK AND RELEASE UNITS 

The holdback and release units provide a 
means of holdihg an "Aircraft in position on the 
catapult until the /catapult is fired. A holdback 
and release unit is provided for each type of 
•aircraft being Jaujiched. Each unit is designed for 
a particular type aircraft and cannot be used 
.with another type. Holdback units are made up 
Qf either chain links,* cable, or jnetal straps. All 
holdback units are equipped with a^deck cl^t 
link at one end and a tension bar retainer 
assembly at the opposite end. The deck cleat 
link is fitted, into a slot (designated for that 
particular type aircraft) in the holdback deck - 
cleat that is located in the flight deck immedi- 
ately aft of the catapult track and forward of 
the deck cooling panel. The tension bar retainer 
end of the holdback uliit is connected* to the 
aircraft tension bar fitting by means of a tension 
bar that is also designed and manufactured for a a 
particular aircraft. The tension bars are designed 
' for a particular holdback unit, and color qoded 
to prevent using the wrong bar. Each tension bar 
is designed to break at a predetermined strain. 
The breaking point *at which the tension b^ is 
designed to break is ^stamped on one end of the 
bar.' ' 

For instructions in the ptoper use of aircraft 
holdback units, refer to the applicable catapult ' 
deck^gear and accessories service bulletins. Main- 
tenance Requirements fcards*are also provided 
for each unit » v 

NOSE GEAR LAUNCH SYSTEM 

There, are two types, of nose gear launch 
equipment, the Mark T and the Mark 2.^TKe 
Mark J is the more widely used at the present 
time. The Mark 2 (flush deck type) is installed 
aboard the fJ.S.S. Nimitz,'CVAN-68, and will be 
installed on all new j:x)nstructions. ,The Mark 1 
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being the more prominent of the two nose gear 
launch units, is chosen f6r discussion in this 
chapter.* 

Some of the advantages of the nose gear 
. launch (NGL) equipment over the conventional > 
bridle/pendant hookups are better and faster 
alinement of aircraft on the catapult, and 
elimination of .the change of bridle shedding and 
the need for a bridle arrester, (See fig. 5-13.) ^ 
* The Mafk 1 NGL equipment is designed to 
assisV in launching aircraft by attaching the ^ 
nosewheel- strut to the towing mechanism of the 
catapult. This means of launching aircraft per- 
'mits positive and automatic engagement of'^ 
aircraft to catapult, thereby eliminating the need 
for personnel in close proximity to the aircraft 
during engagement, thus enhancing the safety 
factor. Also, this means of launching aircraft 
provides smooth arid rapid operatipn. 

The Mark 1 NGL equipment is suitable for 
use with existing steam-operated catapult sys- 
tems* and features minimum maintenance Re- 
quirement. It can l?e quickly *and easily inter- 
changed with conventional Iciunching systems 
supplied as Original equipment. .The major com- 
ponents of the Mark 1 equipment are the^ 
launching hardware assembly (deck ramp), con- 
trd^ system (control panels, transfer switch, 
vaflve box assembly), approach ramps, shuttle 
spreader, and ramp. 

All personnel involved in the operation, main- 
tenance and Qverhaul of nose gear launch equip- ^ 
ment are responsible for attaining a thorough 
knowledge of its operation and upkeep. This 
may be accomplished by careful study of appli- 
cable technical manuals, 'engineering drawings; 
service changes and bulletins, and through gain- 
ing actual experience by undergoing intensive 
drills, to become acquainted with both the' 
physical and functional aspects of the equip- 
ment. 

The. catapult officer is charged with the 
responsibility for overall operations. He super- 
vises, with the assistance of the senior ABE, the 
training of personnel aAd ascertains that training 
is conducted in a manner that results iij com- 
plete familiarization with equipment operation , 
and maintenance. He insures readiness of the 
equipment by assuming responsibility for con- 
ducting frequent tests and inspections of launch- 
ing hardware, controls, and their ass6ciated 



components. He supervises repair and mainte- ; 
nance functions. .In addition to assuring that the * 
equipment is maintained in operating condition, 
he is responsible for detailed procedures such as 
routine inspections, lubrications, and adjust- 
ments. ■ 

All vessels which operate NGL equipment 
keep a' log in which is recorded all data regarding 
equipment operation, repairs, apd overhaul- This 
log need not be submitted to Naval Air Systems 
Command Headquarters, but is maintained as a 
record from which information may be supplied 
when requested.' Any unusual conditions ob- 
served during equipment operation, mainte- 
nance, or overhaul may, at the discretion of the 
catapult officer, be made thq subject of a special 
report to Naval Air Systems Cofnmand: 

On- carriers wtth^NGL equipment installed, 
the deck corrfiguration in the catapult area is 
such that it is a routine matter to maRe the 
change from conventional briSle or pendant 
launching to nose wheel launching. 
^ When installing NGL equipment on steam" 
catapults, it Is necessary to remove the conven- 
, tional ramp, ramp pin,'' spreader pin and 
spreader. After the bridle/pendant components 
are removed, reinstall the NGL shuttle ramp.and 
spreader. The shuttle ram.p and spreader are 
installed a^ a unit. 

Retraction of the shuttle into the deck ramp 
with the conventional spreader and/or launch 
ramp^^will damage the NGL equipment; thus, 
prior to installation of the deck ramp, the 
catapult sfiuttle must be checked to ascertain if 
the correct spreader and ramp combination have 
been installed. 

NOTE. Conditions may exist where the'shut- 
tle has been replaced during an overhaul and not 
adapted to receive the components for NGL 
operations; therefore, upon installation of the 
shpttle spreader and ramp for NGL opefajtions, a 
check of the shiittlb blade must be. made for 
proper piri bdre dianrjter. . 

The deck ramp should* be installed utilizing 
the special lifting tool (fig. 5-14). This tool is 
designed for carrying, installing, or removing tfte 
ramp assembly.- 

Procedures, for installation of the deck ramp 
are: (See fig» 5-15.) 

1. Prepare the deck, to receive the deck ramp ' 
by first removing the, deck flushing cover 
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TRAKSFER SWITCH 



EUEROEHCY 
COHTROt PAMEL 



ORIFfCE 

(SUPPLY FROM RETRACrrON ENOINE) 



Figure 5-13.— Nose gear launch, general arrangemeftt. 



AB.375 



TV 



Rotate the saddle locks counterclockwise (wiUi 
special tool) and remove the deck flushing cover. 

2. Remote the deck ramp from the stowage 
box with lifting tools installed. Move the deck 
ramp into position over the housing saddle. Wipe* 
clean the mating surfaces of the housing saddle 
and the Tiydraulic manifold. Insure that all 
'moving parts are free of dirt and foreign matter 

3. Lubricate the housing saddle teeth and 
forward deck locking pins on the deck amp as 
required by tlje lubrication chart. ' T, 

4. Remove the dust caps from fiie deck ramp 
hydraulic manifold and the dust plugs from the 
exposed quick-disconnect fittings. Place the 
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dust plugs into the dust caps before installing 
the deck ramp into the deck. Connect the 
quick-disconnect fittings to the hydraulic mani- 
fold in the deck ramp. 

NOTE. The starboard .coupling connec^ts to 
ports pf the forward (head) end of the cylinders^ 
The port coupling, connects to ports the aft 
.(rod) end of the cylinders. 

5. Vent the i cylinders, then lower the djsck. 
xamp to the deck position by releasing the 
locking pih on the liftin^%ls, insuring that the 
forward locks on the side^tes engage, the holes 
in the deck. Pull the chains, (attached to the 
handle) to release the stops, rotate the handle 



116 



Chapter 5-^CATAPULT DE^CK<:>EAR AND ACCESSORIES 




AB.376 

Figure 5-14.-IS/lanually carrVing the deck ramp.. 

' . • • . ^ 
as$enibiy in a-clockwise direction until the tool 
disengages. Remove the lifting tools and return 
them to stowage box. 

/ 6. Place the pry bar end of the bar assembly 
(special wrench) into the rectangular hole in the 
• aft end of the housing saddle and pry th^ deck 
ramp forward (approximately 1 1/4 inches) until 
the manifold ^teeth engage the teeth of the 
housing saddle assembly. At times it may p'rove^ 
'difficult or impossible 4o slide th? deck ramp 
into full forward engagement with the housing 
saddle due to thermal distortion of the latter. As 
' an interim measure, loosen tl\e 12 saddle hous- 
ing holddown bolts (working from the <jenter 
. out)iSufficiently to allovf full ramp engagement 

Retighten the bolts, but do not slug, 
r 7. Check to make sure the hydraulic mani- 
I fold teeth have meshed with the Ijousing saddle 
teeth and the forward lockpins (on the forward 
^ side plates) aire, in their iftafing holes. * 
' ' 8." Close the hinge fittings. . 

9. IJsing the special wrench, totate the hous- 
- ing saddle lock 180 degrees clockwise to lock 
• the hinge fittings*. ^ n 

For one*, of the^ following reasons, difficulty 
may be experienced- in| making up the quick- 
disconnect fittings: * 



* K Improper deck ramp handling techniques 

* have resulted in damage to the quick-disconnect 
fittings. To* avoid this damage, insure that the 

,dust caps and dust plugs are installed wTien the 
flexible lines "are uncoupled. 

^IOTE: If damage has occurred and it is not 
expedient to immediately renew quick-discon- ^ 
nect couplings, aircraft hookup and launch may ; i' 
W accomplished by taxiing into the penetrated ' 
bifffer at a DEM)' SLOW speed (to avoid 
overloading the tension bar on engagement). If 
the buffer; is not already penetrated, keep, tlie 
forward vents open while the aircraft engages 
and penetrates the buffer. 

- 2. .Ambient temperat^e increase during 
. stowage resulted^ in pressi?e buildup within the 
buffer cylinders!^ To relieve this pressure, vent 
the buffer cylinders by opening the bleed plugs. ' ^ 
NOTE: Venting will only be accomplished ^ - 
wh6n,'it has ; been determined that pressui;|:,^ 
- buildup is the**. reason* for preventing hookup ijfr 
the qu^ck* disconnect fittings. Arbitrary, venting 
prior to installation of. the deck -ramp will 
introduce air into the hydraulic system and must 
be avoided. Repeated cycling of the buffer 
cylinders will eliminate small amounts of en- 
trapped air by gradually working it back to the 
gravity tahk. \ . • 

3. Setting the deck ramp assembly; in du-ect 
contact with thp^ deck, without the dust caps 
being installed on the hydraulic ' m.anif old, re- 
sulted in fluid contaminatton. Foreign matter 
adhered to .the qukk-disconpect coupling and, • 

' on the next hookup, was introduced into the 
hydraulic system. Strict adherence to reason one ^ 
noted above should 'eliminate introduction of 
foreign matteY from tha^ caiise. 

4. Damage to and/df^ contamination of the 
cylinder surfaces occiiAed .because they were 
left exposed, for ^long periods of time. To 

' eliminate this potential damage during periods 
"when the nose gear launch equipment is in a 
standby condition (inactive for long periods of 
lime), or when the nose gear launch deck ramp 
assembly is removed- from the 'catapult, stow 

* .with the buffer penetrated; ' ^ * 

NOTE: The buffer mupt be 'fully penetrated 
by actuating the .BUFFER FORWARD push- 
button on the con^ol panel. / - . * 
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' 1. ' ofck ramp structure. 
Z j^oisJing pin. * • 
a Hinge fitting. ^ 

4. Strap. 

5. Yoke. 

6. Thumbscrew fitting. 
^ 7. Pouch. 

a Forward deck lockpins. 
9. Deck anchoK. : . 

10. Spreader. 

11. Shuttle ramp. ^ 
IZ Dtrst plugs. ^ 



13. Dusrcapl. 

14. Deck flushing cover. 

15. HqusmJ saddle. 
.16. .Hydri[Utic manifold. 

17. Quick disconnect fittings. 

18. Flexible hose.. - ' j 

19. Special'iA/rench. 

20. Front section guide track. 

21. Camlobl<s. 

2Z Housing saddle lock. 

23. Hinge fitting. 

24. Catapult track^lot. 



Figure &15.-lnstallatton of launching hardware. 
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PRELAUNCH PREPARATIOJV 

% . ' ^ 
The following preparations should be made 
prior to each launc^i or launch cycfe.^ • ^ 

' 1. DQt^rmine the type, or types of aircraft to 
jjl launched. 

* 2. Obtain applicable aircraft laurfcHing bul- 
letin for each type airaaft included in the 
launch cycle. (This bulletin cpntairis information • 
. pertinent -to aircraft launching weight, wind-^ 
over-deck, airspeed, pressure settings buffer set- 
ting; and'^the required launching accessories..) 
, . 3. Before moving the buffers from the, 
; stowed ^penetrated) position,^- wipe" the sUder 
area of the' housing in^ifold , clean to femoye all 
grit 'and foreign matter, paying particular at- 
" tention to the area adjacent fo the upper slot. 
Relubncate the housing before Cycling the 
•'"^slider, as required by the prelaunch functional 
, " check. , . . ' ^ ' 

4. Check tjjie forward dejck locks for firrn 
^ seating.^ , ' ^ , ' \ 

, ;i 5. Check the lock securing- the launching 
hardware to the housing saddle. If loose, tighten 
> with the* special wrench. 

6. Check the housing saddle mounting baits. 
Tighten-any loose bolts. ^ , 

7. Make sure,, that the^ hydraulic ^systejn^ is 
.charged.with no leakage froqj^the piping, v.^ 

8. Qear the declf of all'/)bstacles in^ the 
aircraft approach area, the guide tracks and 
launching hardware track, and the deck area 

, * forward of the launching ha^d^vare. 

9. Check the launchmg bulletin for any addi- 
' tional prelaunch preparation. 

PRELAUNCH FUNCTIONAL.CHECK 

The following 3-M preoperation^ checks 
should be made to insure that the launch 
. equipmeiftis in readiness for operation: 

, 1. Check the transfer switdj, and all push- 
\ buttons^ and switches on thl^deck edge and 
eipergency control panels to make certain they 
are operative. , , ' 

. 2. Cycle the slider forward.. » . 

3. Cycle the slider aft. 

4. Locate tfle sjider in the BUFFER AFT 
position. , 

5. Cycle the valve 'setting to the DECREASE 
and INCREASE limits. ' " 



6. Set tTie BliFFER SETTING in accordance 
with- tiie. applicable aircraft launching bulletin 
before the launch or trail bar contacts'the'nose 
gear de^ ramp. If hot otherwise indicated, set 
the buffer metering valve dial to S^5. 

NOTE:^Td avert th'e possibility of premafure 
tension Ijar failure, do not actuate- BUFFER 
. FWD.or BUFFER »AFT pushbuttpns during the 
• aircraft buffer stroke. * * , 

7. Check the lajdnchmg buUetm for additional 
.prelai^nch functional Checks.* ' . 

OPERATION , " - ' V 

* * ' y * 

The following' terms are defmed herein for 
/ purposcbf clarity " ^ ; 

\, Aircraft' Positioning, Taximg the aircraft tq 
. the entrance ^of the approach ramp vAth launch 
*^bar raised. 

Aircraft Engagertftnt.. Engagement of the air- 
graft /trail bar with the buffer sHder of . the 
launching hardware assembly (deck ramp). The 
launch bar must be lowered and tiie aircraft 
' "taxied forward into the equipment to accom- 
plish engagement. 
Aircraft Hookup. Engagement of the launch 
/ bar with the shuttle spreader, an'd tensiojping. . 
' CTrail bar has engaged slider.) ' " 
' " Launch Bar. A T-shaped bar Ifccated on the 
forward section of the nose wheel strut which 
' engages the shuttie spfea4er, 

^ Trail Bar. A T-shaped bar (on the aft side of^ 
the nose wheel) whicli engages the buffer slider.' 

Launching Hardware Assembly (Deck Ramp). 
That portion of the nose gear launch equipment 
^ which retains the aircraft for launch >hereinafter 
- referred to as deck raipp. 

Buffer Stroke. Engagement of the trail bar 
vnth tiie buffer slider and stroking thereof to 
slow' and to stop the aircraft within the 18-inch 
buffering distance. , i - ' 

The cycle of operation consists 'basically of 
three phases- aircraft positiomng, . ?iircraft en- 
gagement, and aircraft hopkup. 



Aircraft Positioning. 

• The aircraft to" be launched, with nose gear 
accessories installed, is taxied to the mouth of 
the approach ramp .(fig"- 5-16 (A)), where the 
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(A) AIRCRAFT POSITIONING 



iD\ BUFFER STROKE 





:> 



- (B) AIRCRAFT ENGAGING 
"xAPPRaACH RAMP 



iE) AIRCRAFT READY FOR 
LAUNCH i^^ ' 





■(C) STEERING FUNCTION ,0f 
■ i- GULIOE TRACK 



(F) TRAIL BAR AT CATCH 
PLATESiAFTER LAUNCH 



mo 



Figure &>16,-N[ose gear launch operation/ ^ 
M20 * • \ 
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launch bar is lowered from taxi (raised) position 
fothed^f: ' - 

Aircraft Engagement ' * 

The. aircraft is steered into the aft section of 
the' approach ramp (fig. ^-16 (B)), where the 
steering function is taken over by the launch bir ^ 
which engages the track built into the approach 
ramp and deck ramp (fig. 5-16 (C)). The aircraft 
-continues forward until'the trail bar engages th^ 
buffer slider,,causing deceleration of the aircraft. 
During deceleration ^of. the aircraft, the launch 
bar ndes in grooves constructed within the deck ^ 
ramp (fig. 5-16 (D)). When the aircraft stops* the 
•launch bar drops into position to receive the 
shuttle spreader (fig. 5-16 (E)). 

Aircraft Hookup 

. The bridle tension pushbutton on the catapult 
deck edge control panel (or the catapult emerg- 
ency xontrol panel) is. depressed, ' causing fhe 
shuttle spreader to move forward, engaging the 
launch bar and*lensioning the gear. Proc'fedures 
for a normal catapult launch "cycle are followed. 
As launch pressure builui> up, the trail bar load 
increases until ther^ tension bar Tails and the 
'^alrcraft starts, its catapult run. As the trail bar 
separates from the aircraft, it recoils toward the 
deck, in the aft -direction, engages the vertical 
catchplates on the approach ramp, and comes to 
rest below the level of the ramp. (See fig. 5-16 
(F)). The trail bax must be retrieved front this 
ramp position prior to tfie next launching. 

LUBRICATION ^- ; 

to determine if the applicable MRC 
daily lubrication procedures of the deck track 
key slq^^d sliderhave be^n completed, 

INSPECTION 

Before commencing launching operation, 
make a final inspection of critical points. 

1 . Forward deck locks. 

2. Launching - hardware - to - housing - 
saddle security. \ ' • , . 

3'.. Housing saddle mount;ing bolts. 

4. Hydraulic system , ^ ' , 



. 5. Buffer setting in accordance with aircraff 
launching bulletin.* 
' 6. Obstacle.dQarance. 

MONTHLY EXERCISE ! 

V I . ' - 

To insur^©ii;ictional ade'c^uacy of the equip- 
ment during pr9longed periods of inactivity, the 
following monthly exercise procedure is out- 
lined: , * ' . . 

1. Remove the bridle/pendant launch compo- 
nents and uistail nose gear launch hardware in 
accordance with the handbook for the nose gear 
launch equipment. Record the time required for 
the changeover. 

* 2. Insure that' the hydraulic system is 
charged, arid that there is no leakage. 

3. From the deck edge control panel: 

a. ^ Actuate the slider forward \and aft 10 
complete cyqles. 

b. cycle the buffer setting dial from 0 to 8 
J /2, through two complete cycles. ^ 

c. Retract the catapult shuttle into the 
nose gear launch deck ramp. ' 

W ARISING, .Insure tjjat^the nose gear launch 
shuttle ramp and sprier have replaced the 
conventional ramp anlf spreader before retract- 
* ing the shuttle into the ftose gear launch deck 
rapip. ' , 

4. From the emergency control panel, repeat 
steps 3a and Sb^oted .above. 

5. Problems encountered ^yith the equipment 
must be recorded for eventual' reporting to: 

a. Type Commander. \ 

b. NAYAIRSYSCOM (Attn: applicablf 
code). 

c. Naval Air Engineering Laboratory (SI) 
'(Attn: -applicable code). . ^ 

d. navsiIasyscom. 

ft 

MALFUNCTIONS 

.When a malfunction occurs^ /the catapult 
officer, and 'his assistants .should' . be able 'to 
' recognize vVh^e the trduble lies and should 
. immediately imtiate the proper repair proce- 
dures. Propter discharge of operational and main- 
tenance^^cliecks will greatly reduce malfunction 
\ occurrence and resultant danger to personnel 
and equipment % 

/ Some of the causes of malfunctions are 
described in tlfe following paragraphs, and the 
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procedures for correcting them are listed. 

1. " Electrical Components. Burnt out speed 
reducer, switch, refey, solenoid,. or other electri- 
cal component. Remedy this malfunction by 
replacing inoperative components. 

2. Electrical System. Disconnected, broken, 
or shorted electrical wires will cause malfunction 
of the electrical sj^stem. Repair any such wires if 
practical; otherwisejeplace them. ^ 

3. Hydraiilic 63mponents> Ruptured or 
blocked hydraulic ^nes can cause a malfunction. 
Any ruptured line should ^be replaced immedi- 
ately; blocked lines;3hould be air cleaned. 



4. During Aircraft Hookup. Possible causes 
for the launch bar failing to. seat in the spreader ' 
are tow bar or spreader misalinement. Remedy 
by tightening loose connections or l^placing 
"misalined part. 

5, Trail bar failing to engage the slider. Check 
trail-bar-to-release-element connections. Tighten 
any loose connections and check the slider slots 
and the slider mounting cutout^ (in the djsck 
ramp manifold) for damage. Damage to the 
^IMer or the slider housing necessitates removal 
and replacement of the launching hardware. 
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CHAPTER 6 

SHIPBOARD ARRESTING AND BARRICADE GEAR 



Hie recovery equipment discussed in this 
« chapter is the Mark (MK) 7 type arresting gear. 
It is recommended that cliapter 5 of ABE 3 & 2, 
NavTra 10302-C, be studied in conjunction with 
this chapter. - 

TYPES OF ARRESTING GEAR ENGINES 

MARK7M0D1 

The Mk 7 Mod 1 is the ^mailer of the three 
Mk 7 type arresting engines discussed ui this 
chaptet. This equipment is installed aboard all 
carriers in commission that were built prior to 
the U.S,S. Forrestal, CVA-59, with .the excep- 
tion of the U.S.S. Coral Sea, CVA-43, and U.S.S. 
Midway, CVA-41, which are equipped with the 
Mk 7 Mod 2*and Mk 7 Mod 3, respectively. 

The Mk 7 Mod 1 is dcsignpd to absorb 
theoretical maximum energy of 29,300,000 
foot-pounds at peak fluids pressure and maxi- 
nium cable runout is' equivalent to stop- 
ping a 50,000'pound* aircraft at an. engaging 
speed of 105 knots (110 knots if the equipment 
is equipped with sheave dampers) in a distance . 
oC228fe^t. I • 

Each carrier in/ the fleet is equipped, with five 
arresting engines (four pendant and one barri- 
cade), with the exception, of the U.S.S. Intrepid 
which has a total of six engines (five pendant 
and one barricade), and the U.S.S. Midway 
which does not have an endless reeved barricade 
engine for emergency use. Tie Midway has a 
complement of four arresting engines, all single 
reeved, with only three connected to a' deck 
pendant at any one time during flight opera- 
tionk. The. fourth engine, engine nuinber 3 A, is a 
standby or alternate- to engine number 3. It has 
been, structurally altered, as has number 3 
engine, to function as either a pendant or a 
barricade engine. When either is rig^d as a 
pendant engine the other is a standby for use as 
a barricade. 



Table 6-1 lists all the leading particulars of the 
Mk 7 Mod 1, Mod 2, and Mod 3 recovery 
equipment This table can be u^d to compare 
the Mk 7 Mod 1 with th^; Mod 2 and Mod 3 
which are discussed later in this chapter. * 

MARK 7 MOD 2 

As carrier-based aircraft- became heavier and 
faster, an arresting gear engine w^s needed that 
woulS provide a greater capacity to absorb the 
increased amount of kinetic energy built up by 
the force of the forward motion of an aircraft 
during an arrestment This need led to develop- 
mmt of the Mk 7 Mod 2, and later the Mk ^ 
Mod'^, arresting engines. 

'Die Mk 7 Mod Zis installed aboard the U.S.S. 
Ci)» Sea, CVA-43, and all carriers built after 
the Coral Sea except U.S.S. John F. Kennedy, 
CVA-67, and U.S.S. CW. Nimitz, CVAN-68. 

The Mk 7 Mod 2 is designed to ^recover a 
SOjOOO-pound aircraft^ at an engaging, speed of 
1 20,^knots in a distance of 3 1 0 feet. 

^MARK7MOD3 

The Mk 7 Mod 3 has the capability of 
recovering a 50,000-pound aircraft at an engag- 
ing speed of 130 knots in a distance of 34&feet 
Mk 7 Mod 3 arresting engines «re installed 
aboard the U.S.S. John F. Kennedy, CVA-67, 
. U.S.S. C. W. ^^Irtutz, CVAN-68, and.U.S.S. 
Midway, CVA-41. 1 

OPERA'ilNG PRINQPLES 

yjiRK. 1 MODS l,''2.'ANb 3 

The operating principles of the different 
modifications of the Mk 7 type" arresting gear are 
basically the same.. The primary differences are 
their sizes and capabilities, as jm. be seen in 
table 6-1. • 
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TaWe &-1.-Leading particulars of Mk 7 recovery equipment 



^ [ : = ^ 

-- 


iuOu 1 


Mod Z 


Moa 5 




- 








oQ "^nn nnn iK_ff 


;>o,;> /;>,UUU lo-lt 


A n coo ooo li* 
47,500,000 ID-lt 


FMniMF HRTVP WCTFVT TART FQ* 










lo/o in. 


lo/o U). 


1 3/0 in. ^ 






Deck nerrdant x '^0 




1 88 000 Ih 4 
1 OOyUUU ID *> 


1 fis nnn ik 

l00,UUv ID 


flattened strand^ 








Purchase cable f 6 25 


1 75 000 lb L 


17^ 000 Ui 


1 / J,UVAr ID 


round strand i 








Reevinp ratio 


1 8 to 1 


1 8 to 1 
1 O lO 1 


1 S f rk 1 
1 O 10 1 


ARRESTING ENGINF- 




0 




T^npth 


41 ft 


^0 ft • 


^^^^^ 


Weight 


' "^9 tone 


37 tons 


ions c 


Enrine fluid 


HfllvlpTIP olvpol 

CrUijrlcilc ^jrwui 


ctiiyicnc giycoi 


cinyiene giycoi 


Fnrine fluid rjjnaritv 


^•'U gal 


;>zu gai 


ooKj gal 


^wifliniit f*oo1pr^ 






% 


PntTine fluid r^rtapitv » 


*tJU gal 


cnn ml 
Duu gai 


DOU gal 




>, 


Ram diameter 


90 00 in 

ill* 


1 8 dQ^ in 


on nnn t« 
zu.uuu in. 


Fffftotrve ram arpli 


^ 1 ^ 1 ^ cn tn 
•7 1^. 1 D MJ* ill* 


zoo.o sq. in. 


3 1 4.4 6 sq. in. 


T i*ntrf1i of maYimiim ctrolfp 


1 in 
1 00»0 / ^ 1X1* 


1 fi^ nh in 
1 oo.uu in. 


1 QO iry 

1 in. 


T ^ti<yfn of cPrviP<» c^t/^Va 


1 1 SI 000 in 
1 1 O.UUU 1X1. 


171 nn 
1 /i.uu in. 


loi in* 


Crosshead battery position 


1 to 7 in. 


1 to 7 in: 


rto6in. 


(distance from stop) 








Accumulator operating medium 


Ethylaie glycolair 


Ethylene glycolair 


Ethylene glycolair 


Maximum pressure 


650 psi 


650 psi 


650 psi 


Initial working pressure 


400 psi 


400 psi 


400 psi 


^ Type of coolant 


Sea water 


Sea water- 


Sea water 


Length of runout 


228 ft > 


310 ft 


340 ft ] ^ 



♦ 1 3/8-inch diameter purchase cable is being replaced by 1 7/16-inch cable upon depletion of 1 3/8-indi cable m 
stock. ^ 



The Mk 7 Mod 2 differs fruni the Mk 7 Mod t 
and Mk 7 Mod 3 in that the Mod 2 operates on 
the -hydraulic (volume) displace:ment principle. 
This means that the Mk 7 Mod 2 has the pacMng 
installed in the mouth of the engine cylinder, 
and not on the end of the r^. The Sik 7 Mfeds 
I and 3 operate on the positive displacement* 
principle and have the packing installed on the 
end of the ram. Figxjre 6-1 shows a fluid flow 
diagram of the Mk 7 Mod 2 arresting engine 
. during an engagement. Notice the volume dis- 
placement of the fluid as the ram moves into the 
cylinder. Figure 6-2 shows a fluid flow diagram 
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of the Mk 7 Mod 3 arresting en^e during aii 
engagement Notice the total displacement of 
the fluid as the ram moves into the cylinder. The 
Mod 1 fluid flow is the same as the Mod 3 
e)«:ept . tha.t the Mod 1 is not equipped with 
cable anch6r dampers. 

The function of the*" arresting engine is to 
absorb and dispel the energies developed when a 
landing aircraft ii^ arrested. As shown in the 
diagrams in figiires 6-1 and 6-2, the fluid is 
forced out of the cylinder by the ram, through 
the constant runout (CRO) vah^e, to the ac- 
cumulator. A smooth controlled arrestment of 

ii 7.^ 
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the landing aircraft is accoipplished by the fluid 
being metered as it passes through the CRO 
vah^eu 

MAIN PARTS 

Constant Runout Vah^e 

The Mk 7 constant runout valve is installed on 
the fixed end of th& arresting engine as illu- 
strated in figure 6-3. The CRO valve system is 
comprised of four major parts- arresting valve, 
aircraft weight selector, drive system, and con- 
trol system. 

The arresting valve is^the heart of the equip- 
ment It is the main valve which controls the 
flow of fluid from the cylinder of.the arrestmg 
engine to the accumulator. The remainder of the 



equipment is used either to apdjust the initial 
opening of this valve for airtraft of different 
weight, or to activate the valve during the- 
arresting stroke. The retractingl valve is used to 
return the fluid from the accumulator to the* 
cylinder and is operated independently of the. 
control valve; •* 

When a landing aircraft engages a deck 
pendant, or barricade, it witfidraws purchase 
cable from the arresting engine. This action 
causes the crosshead to move toward tli^fixed 
sheave end of the engme. In Addition tt) dis- 
placing fluid from the cylinder, this movement 
of the crosshead activates Ithe lirive system (2, 
fig- 6-4), causing rotary motic© 'of the cam in 
the cam and plunger assembly. To keep the drive 
system and cam always in battery position, the 
adjustable anchor (3, fig. 6-4) is used. 
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1, Accumulator. ' 8. Cylinder arid ram assembly. ^ 

2. Fluid cooler. 9. Control jwnel. ? ^ 
^Auxiliary air flask- 1CK Cable anchor damper. 

4 Air expansion accumulator. 11. Fluid replenishing system. 

S. Crosshead. 12. Control valve. ' 

a Control valve drive system. 13. Fixed sheave. * v \ 

7, Engine structure. * ^^^^^ 

Figure 6-3.-Mk 7 Mod 2 arresting engine. • 
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1. Control valve. 3. Adjustable anchor. 
Z Drive system. 4. Control system. 

ftgure 6-4.-General arrangement of the Mk 7 CRO valve system'. 



It is ijecessai^ to have a smaller valve opening 
to . arrest heavier aircraft, and a larger, valve 
opening to arrest iighjer aircraft. The aircraft 
^veight selector {fig. b-S) makes it possible to 
adjust the valve for aircraft of different weight 
by varying the valve opening. 

The size of the iiiitial valve opening is 
adjusted while the arresting engine is in battery 
position. The lead screw receivers rotary motion 
frpni the motor uml or handwheel and converts 
it into linear motion. This linear motion posi- 
tions the upper lever and drives the^lgcal and 
remote indicators. 

In each of the two levers (upper and lower), 
the distance between the fulcrum and roller is 
constant On "the upper lever, the distance 
/^between the fulcrum and the point *af applica- 
tion of force from ^ the - cam is variable, jts 
gri^atest length being twice that of, the lower 
levei^. The lever arm ratio of each lever, there- 
fore,' is variable between 1 : 1 and 2: 1 . 

When the apper lever^is fully extended, the 
ratio* of each lever is 1:1. In this setting the 



initial opening of the control valve upon engage- 
ment of an aircraft^ is maximum. The levers are 
in a 1:1 ratio in figure 6-5- The resulting 
rotation of the cam, caused by the crosshead 
moving inward, forces the plunger downward, A 
plunger movement of 1 inch, acting through the 
upper lever, would move the lower lever 1 inch, 
the 16wer lever, in^ turn, would move the valve 
sleeve and stem 1 inch. 

The cam is- of the disk plate type with the 
desired contour machined on its periphery. As 
the c^iri rotates,^ forces the plunger down. Hie 
pluhger'is fitted with rollers, top and bottom. 

The bottom Toiler on the plunger .acts against 
the top flat bearing surface of the upper lever. 
The pivot end of the upper lever has a bushed 
hole which mates with the clevis end of the lead 
strew yoke. TTie upper lever is connected to the 
clevis end of the yoke by a pin. This pin extends* 
beyond the sides of the yoke and acts as a shaft 
and has. a bushed roller mounted on* each 
extended end. The rollers ride iiiside the guide 
attached to the housing. The block end of the 
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PLUKGER 



UPPER 
LEVER 




Figure 6-a-Soctlonal view of tho Mk 7 Mod 3 CRO valve. 
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yoke js connected to the lead screw by means of 
two dowel pins. This connection provides the 
means by which the lead screw adjusts (moves) 
the upper lever. 

The bottom of the uppe:^ lever is fitted with a 
roller which bears^ against the flat surface of the 
lower lever. One end of the lower lever has a 
bushed hole to receive a pivot pin. The pivot pin 
passes through the lever and through two 
mounting holes in the stanchion. 

The bottom of the lower lever is fitted Avith a ^ 
roller which bears on the stem screw on top of 
the valve sleeve. The vertical position of the 
roller on the lower lever determines the vertical 
distance that the valve sleeve may nfove. Thus, it 
controls the size of the initial opening of thg,^ 
control valve. 

. The levers are mounted in su^ch a way that, as 
, the upper lever is withdrawn, thelever arm ratio 
of both leversris increased by an equal^dmount. 
When the upper lever is fully withdrawn, the 
ratio of each lever is.2:l, and the ratio through 
the lever system (upper and lower levers) is 4:1. 
In this case the initial contrdPyalye opening is ' 
minimum. A plunger movemerfrof 1 inch, acting 
through the upper lever, would move the lower 
lever 1/2-inch; the lower lever, in turn, v/ould 
move the valve sleeve and stem 1 /4-inch, 

A critical point to consider is the position of 
the levers when the valve stem is seated by cam 
actioh af the termination of each arrestment 
stroke. The levers are so mounted and adjusted 

^ -that the bearing surfaces of the levers are level 
when the valve is .seated. When the bearing, 

\ surfaces are level, the distance across the lever 
system is the «ame regardless^f the ratio setting. 
Because of this, the point of closing of the valve 

' . is independent of ith6 aircraft weight selector. It 
is a ftmction of the cam only; therefore it is 
constant ■ ' 

As the engine is retracted, the upper lever 
rises a distance equal to the movement of 'the ^ 
plunger. If the ratio is 1 :1, the valve sleeve rises 
the same distance. In tiiis case the initial valve 
opening is maximum. If the ratio is 4:1, how- , 
ever, the valve sleeve rises only one-fourth the 
distance that the plunger moves. In this case the 
initial valve opening is minimum. 

The lever setting may be adjusted to any. 
setting within the two extremes previously 
discussed; *the particular setting^ used is de- 



pendent upon the wd^t of the, aircraft^ to be t" 
airested. The setting is made with the engine in 
battery position prior to landing Xhe aircraft. 

AdjusUnent of the setting' determines thet - 
position of the^ valve sleeve, .and therefore 
determines the'amount the valve will be able to 
open at the beginning of the arrestment stroke. 
It also determines the* rate of closure during the 
stroke, so that the valve "will always seat at the 
same runout 

The ' vabe stem sleeve allows a relative^ 
unloaded and cushioned opening at the, begin- ^ 
ning of the stroke. . 

The lever 'system, if set for e heavy aircraft, 
redupes the allowable valve stem opening and 
thus increases tfie resfetance of the valve Jo the 
flow of. fluid.- The epeigy of the ^craft i^ . 
dissipated in forciilg fluid through the restricted , 
valve opening. ' ' - 

Electrical System 

The function of the Electrical system is to . ^ 
provide, control, and safeguard the distribution ^ \ 
of electrical energy 4o the lever change m6tor 
and the synchro indicators. The electrical cir- - 
cuits (fig. 6-6) are the controWalve .weight 
selector circuit and the indicator circuit 

Cpntrol V^e Weight 
SelectorCircuit 

This circuit provides control of the v/eight 
change mo^. Contained in this circuit are. a 
master SNrach, a motor contjroller, motor 
mcrease-decrease limit switches, two momentary 
contact pushbutton stations, a handwheel lirnit . 
switch, and a terminal box. 

With the handwheel pushed in to close the 
handwheel limit switch, the master switch is 
thrown to energize the circuit prior to landi^ig 
operations and remains on until the arresting 
engine is secured- If a change in the wei^t & 
desired, it is normally accomplished from the 
pushbutton station near the control valve. If an. 
increase in the ^weight is ordered,, tiie button 
ihiarked INCREASE is depresseS^^and held dte^ 
pressed until the desired, weigl^t is peached as 
shown by the local weight indicator mounted, on 
the control unit. When the INCREASE button is , 
depressed, the electrical energy acts to rotate, the 
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Figure 6-6.— Electrlcal clrcults. 



weight change motpr in the correct direction as 
determined by the contractors. The motor may 
be stopped at any\ point by release of the 
pushbutton. If the liinit is reached, the geared 
increase J^t switch will open, due to the 
mechaijical actibn of the levers, against the 
gearings an,d the moj^or will stop. "'^ 

Operation is identical "^for a decrease of 
weight, with- the direction of the motor being • 
reversed by the action of the qontactors. Action 
of overload relays, fuses, and the emergency run 
switch are conventional and need , no det^led 
description. The master switch, is thrown off 
* after lading operations have been completed, #d 
deeneifeize the complete circuit 

Pushbutton Stations ^ 

The function of the pushbutton stations is to 
. ^lect t|ie proper contactor of tjie weight selec- 



tor' motor controller so as to rotate the shaft of 
the motor in the proper direction to increase or 
decrease the weight setting. 

There aire two pushbutton stations. One^ is / 
mounted adjacent^ to the main control valve, 
another is remotely mounted in the primary fly 
.contrbl station. Each station has two pushbut- 
tons-one for increase and one for decrease. 

Weight Selector 
Indicator Circuit 

The function of the mdicator circuit is to 
energize the elements of the synchro system so 
that remote indication of the weight selector is 
obtained. 

^ The indicator circuit includes the, necessary 
wiring and fusing," and a master switch for the 
operation of one synchro transmitter and three 
synchro receiveis located at the main control 
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. paneK primary fiy, and at the deck edge control 
' 'station. * ^ . ^ - 

When the indicator circuit master switch' 
located on the main control panel is thrown on, 
the indicator circuit is energized. The synchro 
tifcismitter is mechanically connected to the 
loc^ indicator of the wei^t control mech^m. 
This connection is made at one end,of tl^L^otor 
shaft of tlje -transmitter. When the settin^f 4he 
weight selector is changed, the rotor "of the 
transmitter turns. This rotor movement is trans- 
mitted electrically to the remote synchro re- 
' ceivers whose rotors turn the same angular 
•distance as the rotor of the transmitter. The 
receivers have an indicating dial on one end of. 
their rotor shaft thatlshows the Weight setting 
by the position of the rotors.' If tKe System is 
properly^zeroed, the receivers Will indicate the 
.^same weight setting rg;idijigs as the'lofal indi;^ 
^cator. \ ^ , ^^ ^ 

Retracting Valve ^ ^ 

The retracting valve permits the- controlled , 
J. return of fluid,' displaced by. the enmjjs rami 
; from the accumulator ^ or ' fluid, cool^to. the 
\cylirider. The general location of the rfetracting 
Valve is shown in figure 6-7. 

Jhe refracting valve is a self-contained 
poppet-valve .assembly composed principally of a 
^housing, a plunger, an operating lever, a valve 
steiQ. and a valve seat. \ / \ 

. Tne retracting valyje. operates as a check valve 
■ against the flow of fluid from the accuinulator 
to 'tile enginef Cylinder. Fluid at aqcum'ulator 
pressure enters tiie housing and bears on the 
stem in the diirection which would op6h the 
' .valve; however, the pressure also ^bears against 
the base of tiie plunger, tending to . close the " 
valve. Since the area of the plunger end is greater 
than tHaT of tiie stem, the differential in force 
keeps the valve closed. . ♦ - 

When the engine is. retracfed to battery ^ 
*position, force is applied to Xhe operating lever.^ 
This force, transmitted thrgy^r**-plunger to™ 
^ ^the stem, aids the accumufetor pressure, oh the 
' stem and overcomes the Pressure on th^ plunger, \ 
thus opening the vah^^ and permittiifg fluid flow. 

The reti'acting' valve Effectively blocks' fluid 
• floW from the engine cylinder to the accumula- 
tor, except by Wa^^ the control valve, since 
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the greate^the .engine cylinder pressure acting 

on a shoulder of the stem the tighter the seal. 
Retractingl^ver 

* There is Retracting lever for each arresting, 
' engine, located at the deck edge control station. ' 
The fjinction of the retracting lever is to provide 
a ren/ote means of opening the retracting valve 
in a location where the operator will have full ' 
■ visibility of recovery operations. 

The retracting leyer (fig. 6-8) is a T-shaped 
lever which 'pivots in a support bolted to the 
flight deck catwalk bulkhead. 
When the retracting lever (1) is pulled down, 
tensions ^e cable (3) leading to the retracting 
]yp operating lever (5)' and opens, the valve, 
dease of the Jever allows tiie spHng-loaded 
'operating lever' to lower, tiius closing tiie- re- 
tracting valve (6). A shock absorber (7) is 
insMedTb cushion the closing of the valve and 
10 eliminiate chattering of the vahre^^when it is 
opened.'- ' 



Accumulator System ' 

. The accumulator system (fig. 6-9) consists of 
an accumulaltoJSbylinder with its floating piston, 
and two air expansion flasks mounted in saddles- 
.'on t6p of the engine structure. The accumulator 
is the receiving- chamber for the fluid .tiiat is 
displaced by the engine ram Muring an' arrest- 
ment. A^f yeceives fluid during an arrestm^t, 
air pressure on^e air expansion flask side of the 
accumulator piston, is increased from the initial 
4pO psi to^SO psi. The increased pressure is 
rdiuired in order^ to return the ^stem to its 
"battery'* position .for the- next, arrestment. 
Ftoid and air within the accumulator are sep-. 
arated- by the floating V-ring packijigs fitted on 
the aShimulator piston. The piston is also fitted 
with, replaceable slippers which^ its motion 
within the accumulator cylinder, 

At battery position, the 400 psi air pressure in 
the air expansion flasks holfls the accumulator 
pis'ton at the nozzle end of the accuinulator. In 
this position tjhe fluid level indicator registers 
tiie fluid level in^^the entire eh^e^.The fluid 
level indicator registers three conditions:' 
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Figure 6-7*-^eneral lodW^n of theretracting vatve* 



L Battery-proper amount of fluid in the 

system. ^ / 

1 Fill-insufficient fluid in the system. 
- 3..Drain-excessivefluidin the system. 
' NOTE: The top of the fluid indicator rod 
*must indicate "battery** when the arresfing gear 



engine j3 in battery ^condition (ready fof arrest- 
ment).. ^ \ * ' • ^ 

A safety head is installed at the air expJmision 
flask end of the^ accumulator to provide, a 
•iafe^guard against * excessive prwsure buildup 
within jhe accumulator. 
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1. Retracting lever. 

2l Sheave. 

a Cable. 

4 Turnbuckfe. 



'5. Lever (operating). 

6. Retracting valve.' 

7. Shock absorber. 



Figure 6-8.*-Retracting lever installation. 



Fluid Cooler 

The cooler unit lowers the temperature of the 
engine fluid by permitting the hot engine ^luid 
to contact the cool exterior surface of a number 
of tubes containing cool, circulating salt water. 
Each cooler contains anodes, which aid in 
preventing corfosion in the • cooler. (Fluid 

- coolers are not installed on engines usedpnly for 
barricade pcfsitions.) The fluid cqpler (fig. 6-10) 
is Counted fn saddles on, top of the engine 
structure, adjacent to the accumulatbr. The 
main parts, of the cooler are the body (6), ^he 

.tubes (7), the two heads (3 aind JO), the 
manifold (2), the..b^fle supports (8), and the 
facing plate (1). 

' The body assembly consists of a cylindrical 
steel shell with studs on.each flanged end. The§e 
studs are used for securing the heads to each end 



of the cylinder. The body also has equaUy 
spaced holes ^on each end, expending from th^e' 
rim of each ;flan|e|rt€Hth^interior surface of-the 
body. Thes^ I^es; norirtSIly closed by pipe 
plugs (11) dj venfvdves (^^ provide a means of 1 
draining and venting the c5pler. 

The tube assembly thrqmdi which the coolant 
flows and which acts as a cap foi^the container 
holding the engine flui[^-1s- comg^sed of a 
bronze tube head, qoRper tabfes, bi||s Baffles, 
gaskets, facing plates^ ^| maia&idsT^^ • 



Auxiliary Air Flasks 
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^e->auxili^iy^^ flasks-pfovide^ ^ means- of-^^ 
stowing ship's\k at 3,000- psi. In the event of 
failure of the ship^air system, the^air stowed in 
the auxiliary air fla^.can be used to recfiarge 
the arresting engine. \v ' 
. The air flask is a cyUitdrical conifer wi|t 
hemispherical ends, pjie end of the^^ask|l' 
provided with a pipe tap . for copetting aft'air 
line which is used fpr charging andkendng, ' 

Air can be;supplied to the ajtji^t of tl^e 
arresting engine from the auxil&y air flasks by 
use of the valve mounted on the main co^itrol 
panel. * . - • % ^"^^^ 



Main Control Panel 



V 



The function of the main control^^nel is^ 
provide an easily accessible and centr^ylocafld * 
control center from Which. '&e arresting engine 
may be adjusted or activated. . ' '^^ 

The main contrd panel (fig. 6-1 1) consists of 
a rectangular panel containing two air pressure 
gages, an engine fluid 'temperature iMcatof, a 
synchro receiver, a cable ^anchor daffi^^ttei^ 
position indicator light box (on^^||^d#" 
engines), and three sets of idl^Jm^f^^^ 
associated, piping. . . ' ' 

The- valves of the arresting engine aif system 
are manually operated. Piping of the aii* system 
is so arranged that the accumulator may be 
charged either from ship's high-pressure ^air 
supply or from the au:^iliiy air flasks. - 'K 

Cylinder and Ram Assemblies 



* The cylinder acts as a receiver for the ram and 
as^a reservoir for the fluid to be^displaced by the 
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Figure 6-9.r-The accumulator system. 



ram- Figure 6-12 shows illusteations of the 
cylinder and ram assembUes pf the Mods 1, 2, 
and 3 arresting en^es. 

The cylinder and ramyassembly constitutes 
the actual en^ne of tf)te arresting gear and is 
located within thein^e sitructure between the 
movable crosshptdfand the cylinder outlet elbow 
on the Mod^and Mod 3 engines, and between 
the moyajwfe cros^ead anxl the pressure valve 
body c^rtte Mod 1. 

' ITie cylinder is a* machined, forged .steel> 
smooth-bore tube, open on both ends, and large 
enough to provide a working area for the ram,. 



and to house, the fluid necessary for aircraft 
arrestments. It-^ supported within the engine 
structure by cylinder support saddles. On the 
Mod .2 and Mod 3 -engines,, one end of the 
cylinder is cjamped and boUed with* four 
cylinder clamifs and Allen bolts to the cylinder 
outlet elbow (to the pressure valve body on the 
Mod.^1). Th^ other end receives ttteTam. TTig 
ram end of the Mod 2 engine cylinder is stepped 
and coimterl>Cred on *the inside diameter to 
accommodate a slipper and eage assembly, a set 
of V-ring (chpvron) packirtg, a retamer, and 
-shims. A splits wiper and wiper retainer are 
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1. Facing piatt. 

.3. Tube head. 
4 Lifting hole. 



Vent valve. 
& Body* 

7. Tubes. 

8. Baffle support 



•;9. Baffle. 

10. Head. 

11. Plug. 



Figure ^-lO.-Fluid cooler. 
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secured to the end of the cylinder to clean the 
ram as it moves into the cylinder. The Mod L 
and Mod 3 differ from the Mpd" 2 in that the 
packmg is installed on the^nd^of the ijam' 
instead of at the mouth of the cylinder as cki the 
Mod 2. 



and th^*ram. ITie inner end of the lam on*the 
Mod 2 and "Mod 3 is stepped to accommodate a 
. cage and slippers-which provide a bearing surface 
for the ram, as, it slides in and out of the 
cylinder. 

/-.^eogtpr (open) end of the hollow steel ram 



The ram is a laige hollow steel piston that i&<-^ claijiped. iNito a socket on the crosshead by a 
moved m and out of the cylinder by the ^ spUt flapge v^hich fits into an annular groove 
crosshead. It js bored to reduce' the weight,' , ne^ the end df the ram - 



although it'is not borpd' completely through. 
. The inner end (the end *that fits in the nfbuth bf 
the cylinder) is solid and provides a working area 
between the ratri and engine fluid duriiig arrest- 
m'erfts* 

As pfeviously -^entione^i the inne^ end of the 
ram on the Mod 1 and Mod 3 contains-*a set of 
V-ring packing to provide a seal for the engine 
fluid 'between the cylinder wall and the ram, and 
on the Mod 1, a bronze liner on the ram serves 
as a bearing surface between the cylinder, wall. 



Crosshead AssembI 

-.J53t^^?^s pf thexrh^head and fixed sheaves, 
arrestmenf fbrces^-^'tfafl&mitted^^. Jhie deck^ 
pendant ^^d^ purchase cable are applied to the 
arresting engine. 

The crosshead (fig. 6-13) consists of two 
groups of nine sheaves each. Duq to the similar- 
ity of • the crosshead and the fixed sheave 
assembly, only the crosshead is discussed in 
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Figure 6-11.-Main contro] panel. 



detail. Th^ m^or difference between the two is 
* • that the :rosshead is movable and has phenolic 
^ slippers as a bearing surface. 

The sheaves .acejT. mounted on two shafts 
contained in^three weldmente. Th^ jitter shelves 
are 33 inches in diameter, and the inner sheaves 
are 28 inqies in' diamef^: This diameter dif- 
ferential ^ necessary for pttrchase cable clear- 
ance. The sheaves are sep^ated by slotted 
spacers and rotate on roller bearing. A* lubri- 
catof extension installation connects lubrication 
fittings to the ends of the shaft to provide the 



means of lubricating the sheaves, spacers, and 
. roller bearings* . . * 

An automatic lubrication system has been' 
designed to maintain, lubrication between the 
high speed spacers and bearing pads on both the 
crosshead and the fixed sheave assemblies. TTiis 
automatic lubrit^pn system utilizes the high 
speed lubricators shown. in figure 6-13. The 
system is operated, by air pressure, and lubricant 
is delivered td the high-speed spacers on each 
engagement In tiie event of a breakdown the 
' system be disconnected and the spacers 
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lubricated 'by hand at the lube fittings. This 
system is not used for barricade engines. 

Stiffeners welded to the outer, center, and 
inner sections of the crosshead act to strengthen 
the assembly. Sheave guards ate mounted at the 
top and bottom of the sheaves to provide 
protection for operating personnel and to pre- 
vent^ cables from jumping sheaves. Fairleads 
provide a guide for the* purchase cable at the Top 
and bottom of each sheave nest. Slippers 
mounted on each comer of the. crosshead are 
held in pl|ce by brass retainer plates and dowel 
pins, Th^lfe is a total of* 16 slippers. These 
slippers support and level the crosshead, and 
provide a bearing surface when the crosshead is 
moving. The crosshead and fixed sheave as- 
sembly operate on the principle of a block and 
tackle,, with a reeving ratio of 18:1. This means 
that the deck pendant topside moves 1& times as 
fast and 18 times as far as the crosshead on an 
arrested landing. ' 

Cabte Anchor Damper 

The cable anchor damper installation consists' 
of two identical cable anchor damper assemblies 
Which are either deck' mounted (fig., 6- 14) or 
overhead mounted. CompartmenNx)nfiguration 
determines which units are installed^ 

The purpose of the cable anchor clamper is to 
eliminate excessive purchase cable slack between 
the crosshead and fixed sheave assembly at the 
beginning of the arrestment stroTce.' Through 
service use and experimental testing, it was 
found that when this slack was' taken up by the 
landing aircraft, excessive cable vibrations oc- 
curred with the Mods 2 and 3 engines. Th'e cable 
anchor damper removes this slack as. it occurs, 
thereby eliminating vibratipn of the purchase 
calfle. The gable anchor damper assembly is used 
with pendant engines only. ^ ^ 

Each cable anchor damper assembly consists 
of a cylinder (2) whiqh connects to an operating 
head (5) and a cushioning head (1). Piping 
connects engine cylinder fluid to the operating 
head through a manifold tee H)^Two lines 
branch from ;the manifold tee, one to eacH 
damper assembly operating head. Each of these 
lines contains |a flow control valve (3). A cover 
(6) is placed 6ver the operating piston rod and 
coupling as^^bly fdj safety of operation and 
^ • 1 



protection against foreign matter. Each damper 
assembly is mounted on a base (7) before 
installation. A battery positioner (9), actuated 
by means of the retracting lever, is provided to 
insure the return of the damper assembly to 
battery ppsition after an arrestrnent. A battery 
position fndicator is provided to indicate when 
the cable anchor damper is in battery position, 
ready for aircraft engagement. The limit switch 
and' cam actuator for the battery position 
indicator are located on the cable anchor 
damper assembly, and the indicator lights jare 
located on the arresting engine control panel. 

The end of the purchase cable is attached to 
the operating piston rod which is attached to the 
o^eKitihg piston. When the force on the oper- 
ating piston, due to engine cylinder pressure, is 
greater than the tensile force in the purchase 
cable, the piston moves away from .its battery js 
position. Movement of the operating piston into 
the gylinder removes the cable slack during the-- 
fir^ t^ortion of the arrestmeritTWhen the slack is 
taken up^ the operating piston; resists the return 
of the cable, thus keeping it taUt and preventing 
excessive cable vibrations. 

Upon engagement of the deck pendant by the 
aircraft, the engine crosshead is accelerated 
toward the fixed sheaves. This movement forces 
the ram into the arresting engine cylinder, 
increasing the fluid pressure in both the engine 
cylinder and the operating head of each cable 
anchor damper. (See fig, 6-15.) 

Due' to the acceleration rate of the engine 
, crosshead, the tension in the purchase cable (2) 
between the engine sheaves and the cable anchor 
dampers decreases momentarily. The instant the 
tensile force in the cable becomes less than the 
force on the operating piston (4), fiuid pressure 
moves the operating piston away from its 
battery 'position until all slacJc is removed and 
the cable tension is again greater than the fiuid 
pressure force acting on the operating piston. 
The engine fiuid has free fiow through the fiow 
control valves (1), to the operating end of each ^ 
cable*^ anchor dampen Hie fiow control valves ^ 
open as the^ operating pistops accelerate aw^ 
from the fianges to allow equal fiuid* pressure to 
be exerted on the entire force area of each 
operating piston. When the tension of the 
purchase cable is transmitted to the cable andior 
ends, the fiuid pressure force on the.qperating 
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Z Hydraulic cylinder, 
'a Flow control vfllve. 
4 Manifold tae. 
5. Operating head. 



6. Cover. ^ 
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8. Light box assembly. 

9. Battery positioner. 
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Figure 6-14.-Cable anchor damper installation, deck mourited. 



pistons is overcome by this cable tension and the 
operating pistons are pulled back toward battery 
position. Resistance to their return is furnished 
by the engine fluid pressure and the controlled 
flow of fluid through the flow control valves 
back to the en&ne cylinder. A 2-inch buffer 
stroke between tiie operating pistons and flanges 
prevents a hard impact between the two as the 
pistons bottom agamst the flanges. 

The. sole function of the cushioning piston is^ 
to, prevent the opejatirfg piston from slamming^ 
-into the q)posite end, ot the ca1)le anchor.^ 
damper assembly if 'the purchase cable should ,* 
break or in the event of an extreme offcenter 
landing. In either situation, the operating piston 
aopelerates away from its battery position and 
rams the cushioning pistoh. 

The battery positioner (fig. 6-16) functions to 
return the cable anchor damper piston to its 
batteiy position during the retracting cycle of 
the arresting engine. 



The battery positioner consists of a 3-way air 
valve (3) which is connected |> the 100-psi air' 
supply and to the air container mounted on the 
cushioning end of each damperassembly. An ^ 
* strainer (4) is located in the su^j)ly line ahead m 
the 3-way valve. The 3-way air jalve is mounted 
on a base plate (5), secured- to the arresting 
engine retracting v^ve, and operated by means 
of a cam (1) niounted on thi retracting valve 
actuating lever. When the actuating lever is 
moved to its retract position, the cam positions 
the 3-way air valve to, admit 100-psi air to the air 
con tamers. From the air container, the 100-psi 
air passes through a hole Ia the cushioning 
, piston rod and acts against thesEperating piston, 
moving it to its fiilly retracted position. As soon 
as the actuating lever is released, the air pressure 
is shut off and the air container is vented 
throu^ an exhaust line (2) *at the 3-way air 
valve. A line containing a liquid sight indicator 
(7) and a drain plug (6) ,is provided at each 
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1.. Flow control valve. 
2 PurcTlase cable. 
3L Operating head. 



4. Operating* piiton. ^. 

5. Cylinder. • 

6^ Cushioning piston. 



Figure 6-m-Cable anchor damper fluid flow, arrestmwit 
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container. The fluid sight indicator peonits 
detection of fluid leakage into the air container. 



Sheaye Damper 

Due to the high engaging velocities of modem, 
carrier-based aircraft, cable tension and vibration 
would be excessive unless eased b^ shoclk ab- 
sorption in the sheave damper, the sheave' 
damper reduces peak cabJe tension and lessens 
cable vibration. r 

A sheave damper assembly (fig. 6-17) is" 
mounted to the ship's structure ^low each port 
and starboard retractable or fixed horizontal 
deck sheave. The port and starboard assemblies 
are identical; therefore, only one will be dis- 
cussed. 



, DESCRimOR-Each. sheave damper as,- 
sembly consists of a movable crosshead as- 

. , sembly,, ^damper cylinder assembly, * damper 
piston, damper accumulator and fluid piping,* 
buffer assembly, and a ^charging panel. The 
system is also equipped .with ^ common fluid 
stowage tank that provides a stowage spaca for 
fluid ^ in the sheave damper assembly while 
maintenance is being performe/d. The tank is 
capable of stowing, all the fluid in one sheave 
damper installation. * ^ . , - ^ . 

. The^ crosshead assembl/consists of one roller 
bearing* sheave .mounted bdtvieen a steel base 
plate and a side plate that are bolted together. A. 
sheave shaft, mounted through the bottom of 
the base plate, is secured to the. side plate by a 
cap and setscrew. A yoke is bpltfed between the 
side plate andrtte base plate, and provides a 
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t. Cam. 
2. Exhaust 
a Three-way 
~ air valve. 



4. Strainer. 

5. Base plate. . 

6. Drain plug. 

7. Sight indipator. 
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Figure 6-16.-Battery positioner. 



means of connecting the crosshead to a clevis., 
that i$ screwed onto the end of a piston rod. The 
crosshead rides in ^ tra1:k mounted in a hori- 
zontal position on the bulkhead. Phenolic slip- 
pers, at all four comers of the base plate, 
provide a bearing surface between the crosshead 
and the track. Attached \o the crosshead is a 
cam that actuates a limit switch when^the. 
.crosshead is fully "retracted and causes a* green 
Eght to light at the dqck edge control station.^ 
This indicates to the deck edge operator that the 
.sheave damper is in its battery pdsition. 

The damper cylinder assembly Js secured to 
.the ship's structure . by brackets which are 
welded to thei bulkhead and bolted to th^ 
cylinder. A 'cylinder cap is^sgrewed onto the 
crosshead end of the cylinder and held in place 
by setscrews. The cap provides a fluid passage 



between the cylinder and the flui4 manifold 
piping leading to the pamper accumulator. The 
damper pisfon rod extends through the cap at 
the crosshead end of the cylinder. The damper 
pjston is secure'd onto the opposite end of the 
piston rod and held in place by a castle nut ^id^ 
cotter pin. When the damper piston is in its 
battery position, 3 1/2 inches, of the piston rod 
extends from" the cylinder at the crosshead end. 
_ The fluid manifold is bolted to the top and 
bottojp of fte cylinder cap. A reducing *tee 
connects the upper and lower manifold piping 
and serves to divert fluid flow from the accumu- 
lator equally into the upper and lower mani- 
folds. A flow control valve is Jocated between 
the reducing tee and the accumuTa^op The flow 
control valve has a flapper type (svring gate) 
tJrifice plate that allows free flow of fluid frofn 
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Figure 6*17.-Sheave damper assembly. 
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the cylinder to the accumulator, and a restricted 
flow through an orifice in the center of the plate 
from the accumulator to the cylinder. 

The accumulator acts as a fluid stowage tank, 
and has a high pressure air connection from the 
tipper head to the charging panel. The charging 
panel has a charging valve and a gage vahre with a 
gage mounted between them', a high pressure air 
supply valve, and a vent valve. The accumulator 
is charged to 750 psrahd must have k reading of 
2 (tl) inches of fluid on the fluid sight indicator 
when the sheave dampef is in' its battery, 
position. 



the 



J The end of the cylinder opposite the cross- 
head end has a flange threaded oji it that mates 
with a flange on the buffer assemblx^ The two 
flanges are bolted together.' The buffer assembly 
consists of a cylinder, buffer ram, spring, and a 
fluid sight indicator. The purpose of the buffer 
assembly is to buff'er the damper piston when 
returning to its batteiy position. ^ 

PREOPERATION. -Before operating the., 
sheave dampers, thp hydraulic system must b^ 
, filled and an air charge mu^t be supplied. 

Use the following procedure in filling the* 
hydraulic system: ^ 
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1, "Block the arresting engine crosshead and 
\puirout the deckVendant until the crosshead of 
'^ach sHeave damper is fully extended. * 

. 2. FilL th§, accumulator until it is appro 
ma^tely one-half fulir\ 

3v Pressurize the accumulator to 1 00 psi. Tiiis 
wilfretract the ^sheave damper crosshead. 

• 4. Open all needle valves in the hydraulic 
system until the flow of fluid is free of -air and 

' foam. » 

5. Fill or drain fluid from the accumulator .to 
obtain a fluid level gage reading of 3 inches 
maximum, J inch minimum., 

6. Increase the damper accumulator pressure 
to 750 psi. * • 

OPERATION. -An incoming aircraft engages ; 

• the deck pendant, causing an increase of teiisidn 
oni the purchase cable. The purchase cable is 
reeved around the sheave damper crosshead in a 
m^ner that any increased fension experienced 
by^lthe purchase cable will cause the crosshead to 
mcwe away from its battery position. As the * 
crosshead moves, the damper piston moves, 
forcing fluid from the cylinder, through the 
fluid manifold, flow 'control valve, and fluid 
pipmg mto the accumulator. The resulting pres- 
sure! buJdup in the accumulator will, be propor- 
tion^ to the purchase cable! pull. Retraction of 
the sheave damper is automatic and occurs when 
accijmulator pressure becomes greater than cable 
.tension. Retraction normally occurs prior to full 
runout of the aircraft. The pressure buildup in 
the accumulator forces the fluid from the 
accumulator, through the fluid piping, the 
oriflce in the flapper of the flow control valve, ' 
the' reducing tee, and the fluid manifold to the 
damper pylinder, thereby forcing the damper 
piston back to its battery position Just prior to 
the damper piston reaching its battery position, 
the end of the damper piston rod comes in 
contact with the buffer, ram. The buffer as- 
sembly \vorks on the liquid pressure control 
principle to buffer, the dampbr piston. The 
spring only extends the buffer ram during 
smrestment. 

^. As the sheave damper crosshead reaches its 
. battery position, the battery position lihiit 
switch is engaged and lighfS the battery position 
mdicator light at deck edge. 1. 



BARRICADE 

1, . ' ' ' 
, Except for the reev^ of the erigine and tlfe 
absence of- a fluid cooler, the arresting engine 
used for the barricade is identical to the pendant 
engines used for normal arrested landings. The 
barricade engine 'is endless reeved instead of 
single reeved like the pendant engines, and 
because of the infrequent use of the barricade 
engine, a fluid cooler is not needed. ' 

The actual, barricade is a webbing assembly 
stretched across the flight deck and connected 
to f\yo stanchions, one port and or^e starboard. 
. The stanchions are hydraulically operated to 
raise the webbing assemblS^ when an aircraft 
c^nnotmake abnormal arrested landing 

The barricade stanchions house the winch 
assemblies which tension and support the upper 
loading |traps of the barricade < webbing as- 
sembly. TTie, stanchions are provided with a 
pivot about which they are raised and lowered. 
Included in, the hydraulic barricade assembly 
is a power gackage located bejbw decks, a 
hydraulic control valve operated,^ at the deck, 
edge control station, hydraulic piping and hose 
assemblies, .and the hydrauHc operating cylin- 
,ders. • * I 

The power package (fig. 6-18) provides and 
maintains the. fluid pressure required by the 
hydraulic cylinders -to raise ana -lower the 
barricade stanchions. It consists of a base weld- 
ment gravity tank assembly (7), contrQlpanel 
assembly (8), accumulator (1), motor coiftjoUer 
(9), pump (l\ electric motor^ electrical system, 
and a piping system. 

The gravity tank assembly has a capacity of 
approximately 100 gallons and is :the fluid 
• reservoir in the power package assembly. Dis- 
placed fluid from the cylinder assemblies is 
returned to the gravity tank and from there'itis 
pumped back to, the accumulator. The gravity 
tank is welded steel, closed at the top and 
bottom by flat .plates. The top cover plate has an 
access hole which is covered by a cap plate and 
gasket held in place by bolts. Tapped bosses 
welded to the'cap plate are/or breatiief.vents. A 
liquid level gage is connected to the side of the 
gravity ' tank. An indicator plate is attached to 
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f.» Acotmulator. 

der support, 
lilic cylinder. . . 
S. Hydratitic control valve. 




6. FlexU>le hose. , 

7. Gravity tan^-assembly. 

8. Control panel' assembiy. 

9. I^otor dontroller. 



. Figure G-ia-Barrlcacle hydraulic control Installation. 
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he taak at the level gage to show the proper 
luidlevW. 

The control panel, assembly (% 6^19) is* 
ttached tolhe gravitn^tanjk by four bolts. 

The panel consists of the^anfel %ne (1), two 
dping support brackets^ (9); acQumulator pres- 

9 • ' > ^ 



sure gage (6j, pressure sensing switdi (7),^g^ 
vaIve/{3); 'a&^charging'^yalve '(5), vent valve (2), 
aiP'. supply valye ^, cautibn- plate (8), and 
opei!ating||instruction plate (10). Necessary 
copper tifmng and sil-bra^e fittings connect the 
panel to the accumulator assembly, to a sh3^*s 
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1. Frame. . 

2, Vent valve, 
a Gageyalve. 

4. Air supply Valve. 
B. -Afr charging valve. 



6. Accumulator pressure gage. 

7. Pressure sensing switch, 
a Caution pidte. 

9. 'Bracket 
10. Instruction plate. 



AB.389 



^ Figure 6*19.-Control p^nll asseirtbly.- 



exhaust line,, and to the shipfs high pressure air 
supply line. The accumulator pressure gage (6) is 
u^§ *tp indicate^ pressures ran^ng from 0 .to 
^00 psi in the accumulator. 

The pressure sensing switch (7) is a piston 
type, contained in a.splashpr6of housing. It Is 
poniiected to tl^J ^pressure line from the ac-: , * 
cumulator with a threaded adapter anda coil'of^^ 
tu^ng beitweefii the adapter and tee in the 
pressuie^ liae. The function of. the pressure 
sensing switch, is to maintain accumulator pres; 
sure, between 1,250 psi and l,50q psi. It^does , 
this by ^ening or closing to stop or sfart the 



pump motor. The pt^sure switch operates only 
when the motor controller * switch *is set at 
AUTOMATIC position. The 'caution plate (8>;is 
located next to thevenf valve (2). It cautions all 
concerned to keep t|je vent valye open at all 
times except when charging the accumulatpr, 
and contains instruction^ for closing the venj 
valve when charging the accumulator. ^ 

A' ggge vahre" (S) is furnished to maintain 
pressure in the accumulator wi]^ it is necessary 
to remove the pressure gage (6). The air chai;ging 
valve (5) regulates tiie charging .flow. The air 
supply valve (4)l:ontrols the flow intake of air 
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to the .control panel and accumulator. The 
operating instruction plate (Ift) contains basic 
'operating instructions and a piping schematic.'*" ' 
, The accum'ulator has a threaded boss welded 
to th^ top of the shell to provide for venjting 
when hydrostatft testing. A liquid lev^l sight 
glass gage is connected to" two ports on the,. 
^ accumulator. * 
The motor controller regulates the starting 
and stopping of the pump motor in conjunction 
with the pressure sensing switch. The controlllr, 
operating maaietically,^ provides '4 switch con- 
trol for OFF, AUTOMATIC/orJaJN positions. 
The OFF position is used when the powTr 
package is secured. T^q AUTOMATIC position 
is used when the power package is to t>e 
operated, and the RUN position is used when it 
is necessary to bypass the pressure sensing 
switch. Protective^ features of the controller, 
include pilot cirquit and motOr overload protec- 
tion and undervoltage release. A white light is 
nfotffited on the- controller to indicate when 
power is available. When the switch is in the 
OFF position, the circuits from the controller to 
the motor and pressure sensing switch remain 
open;, or clead! In AUTOMATIC position, the 
motor* starts when tbe contacts are closed in the 
pressure -sensing switch, and the motor stops 
"when thef contacts open. The RUN position is 
spring returned, and the motor runs only as long 
as the switch is manually depressed. 

In the piping system, manual valves are placed 
in the lines to provide for operating and standby 
conditions and for maintenance. Each valve is 
- tagged with* a^ nameplate giving its number and 
normal operating position (OPEN or CLOSED). 
Miscellaneous 'equipment includes a check valve, 
fluid strainer, hydraulic pressure relief valve, and 
an air safety head. The check valva between the 
accumulator and pump prevents fluid pressure 
from backing up to the pump. The fluid str^nef^ 
in the lihe between the gravity tank and the 
pump removes foreign matter before 'it enters 
the pump. The hydraulic relief valve connected 
-to the line between the check valve and.pump * 
provides for pressure relief. The hydraulic jelief 
valve is adjusted to crack open at 1,600 psi 
(minimum) and open full at*IJ50 psi. This line 
is equipped with a 'liquid sight: indicator for 
visual checking of flui^ flow v^^hich would 
mdlcate an oiien relief valve. TJie air safety head 



which ruptures at approximately. 2,000 psi is 
connected to the air line betwee|L,tiie4Ccamula- 
tor and control panels It act^^ a kfet]^ to 
^ prevent charging the accumulatOT..aj^| related 
* compohe^ts above theif . design 'Mits. X^o 
^breatKei> vents at the top of .the gravity tank 
provi^ f9r passage of air out of or into the tank 
as tfie liquid level rises or lowers* A screen in the 
breather vent, removes any foreign matter from 
incoming tir. 

The hydraulic cylinder assembly (fig. 6-20) 
raises or lowers tfie ^barricade stanchion ^when 
hydraulic fluid under pressure is introduced into 
the cylinder on the proper side .otthe^pistomi 

A front cap (3) and a rear cap^(^ are each 
.attached to the cylinder ends b>^ bolts and 
washers and sealed by an O-ring (13.) and backup 
rings.. Contained in the cylinder (2) is a piston 
rod (5), two plungers (6), and a piston (1). The 
piston afid plungers are heia in position on the 
rod by a castellated nut secured by a cotter pin. " - 
j The piston and piston « rod* are seafed by an 
j Oring (13) and backup rings. The- piston is 
fitted with fwo packing followers,, two sets of 
V-ring packings (12) (four rings each), and two 
piston glands (11) secured by bolt§, each safety 
wired, Shims (14) are provided between the 
piston face and piston gland to obtain the 
proper packing float. The piston rod is sealed ^ 
where it extends throu^,the front cap (3) by aM^^ 
set of V-ring packings (12), a spacer, and the^^ 
piston rod ^arid (10) secured by. bolts and 
washers. Shims (14) are provided to obtain 
proper packing float. A tepinal^ is attached to 
the end of the piston, rod *and is secured by a 
setscrew. The front and rear cap«*are each fitted 
with tailpiece, adapter, orifice plate,' union nut, 
and an elbow for hose attachment; joints are j. 
sealed by 0-rings and packing. A vent valve 
assembly (8), plug (9), and two 0-ri'ngs- are S 
located at each end of the hydraulic cylinder tcy^^ 
vent air or-drainiluid. ^ l(!m 



Hydraulic Barrioade Opa'ation 



Dunng normal operations the system is put in 
READY condition:' '\ 

1. Accumulator pressure at 1,50(3 psi. ^ ^ 

2. Accumulator and gravity tank liquid at, 
operating level. 

• 3. Proper valves open or closed. 
148 ^ »-o ' ' , ' 
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t Piston. 

Z CyJinder. 

3l Front cap. 

4^ Rear cap. 

& Piston rod 

6. Plunger. 

7. Tlose. 
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8. Vent valve assembly. 

9. Plug. 

10. Piston rou ftmicL 

11. Piston gland. 
1Z Packing. 
ia Orring. 

14. Shim. 
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Figure 6-20.-Hydraulic cylinder assembly. 



4. Motor controUer switph on AUTOMATIC. 

5. Xontrols checked for proper operation, 

6. Barricade tensioning pendants inspected 
for fraying. 

After the holddbwn latch at the top of the 
stanchion is rel^^d and the deck edgp dontrol 
valve lever is placed in the UP position (No. 1), 
the stanchions will raise simultaneously- Raising 
operations may be stopped and' stanchions held 
in any position by placing the deck edge control 
valve lever in midposition (No. 2). 

To lower stanchions, tiie deck edge control 
valve lever is placed in the DOWN position (No. 
3), and the stanchions will lower simultaneously. 
Lowering operations may be stopped and 
stanchions held in anV position by placing the 




deck edge control valve lever in riiidposition 
(No. 2): . \ ^ • 

;fhe deck edge control valye lever midposition 
(No. 2) is for standby position. It blocks all 
Valve ports, and all passage of fluid is stopped 
when the valve is in this position. This position 
is used to stop stanchions during raising or 
lowering, and to hold the stanchions either up or 
down. 

CAUTION f The control vahre lever must 
never be h^ld o/left in any position between 1 
and 2, or between 2 and 3, since this will^ayow 
fluid to drain firom the accumulator to thfe 
gravity tank. \ 

The gravity tank is not of sufficient size to 
contain the fluid if the stanchions are raised 
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more than three times without the pymp oper-' 
ating. Approximately '20 minutes is required for 
the pump to replenish fluid to the operating, 
level in the accumixla'tor if stanchions are cycled 
three times without the pump operating. The 
READY CONDmON for normal operation 
specifies 1,500 psi ajpcumulatoj pressure;' how- 
ever, stai]u:hions will raise and lower, taking a 
longer period of time, with a lower pressure, as 
is experienced if stanchions are cycled without 
the pump operating. Pressure at the start of the 
third oyde ^11 be approximately 850 psi wtfh- 
out the pump operating. ' . \ 

NOTE: If stanchions are cycled more than 
three times without the pump operating, air wiU . 
enter the piping ai)d cylinders and fluid will 
overflow the gravity tank. It will then be 
necessary to fill, vent, and charge the system as 
specified in the applicable operating manual. 

During READV'and SECURE conditions, the 
following checks are to be made: , . 

1. During READY condition', at 1 -hour inter- < 
vals, checks of the^ accumulator pressure, ac- 
cumulator and gravity tank liquid levels, control- 
ler switch for AUTOMATIC setting, and a check 
to ascertain that the pump is not operating when 
accumulator pressure is 1,500 psi or above. 

2. During SECURE condition, daily checks 
of the accumulator pressure, accumulator and 
gravity tank liquid level, valves for position 
(open or closed), and controller switch for OF^F 
setting. . 

The system must be operated weekly to raise 
and lower the stanchions, to vent air from both 
ends of hydraulic cylinders, and to check the 
operation of ^the system. It is not necessary to 
attach the barricade webbing' during this exer- 
cise. 

. Webbirtg Assemblies 

When the need for an emergency barricade 
rigging arises, ft is too late for checking or 
insuring that the webbing assembly is properly 
assemT^led or properly stowed for ease of instal- 
lation. To operate effectively, it is of prime 
importance that the barricade be correctly 
rigged, and that all of its component parts be of 
the latest ^specification and issue, and in opti- 
mum condition to accomplish a successful en- 
gagement and subsequent arrestment. Use of 

♦ , * ' 



defective parts or improper rigging of a barricade 
could result in premature failure of barricade 
components, which would, render the barricade 
useless and result in property damage ,and 
serious injury or death to the pilot an.d/or flight 
' deck personnel. 

The preassembled triple webbing should be 
stowed in a space (or area) where it wiU be 
protected from exposure to of the elements, and 
where it^ rfiaj' be readily transported onto the 
flight deck for installation. 

NOTE. The double webbihg Assembly MAV* 
BE USED FOR E2/C2 AIRCRAFT ONLY. Itis 
preassembled and stowed in a box at deck edge 
upady to be rigged. 

. Constant inspection arid checks must be made 
to determme that, the nylon webbings are free 
from signs of wear or deterioration and fraying. 
A barricade that has been used for two or more 
practice or training rigs, of that has been 
exposed to direct sunlight for 100 hours of 
more, will not be used for an actual afrcraft 
engagement. Barricades will be covered with 
canvas if conditions require stowage *of preas- 
sembled barricades or component parts on deck. 

If .a tractor is used to remove a barricade from 
the stowage location onto the flight deck, 
special care must be exercised to prevent any 
tearing or fraying of the webbing, extension 
loops, loading s^fa-aps, etc, on deck hatches or' 
pther protrusions- 

SHEAVES ^ ' * .4 

^ .There are^ four types of sheaves used in^Mk 7 ' 
arresting gear. These ai;e the horizontal deck 
• sheave, the vertical throDgh deck sheave, the 
fairiead sheave, and the retractable sheave. AD 
these sheaves are designed to accommodate 1 
3/&-inch diameter purchase cable and are made 
of forged aluminum alloy. l 

A typical sheave consists of a base and cover 
that retains the, sheave assembly. Tvv^o lubricator 
, fittinjgs provide access for lubricating the sheave 
bearing and spacers. The sheave a^ejnbly con- 
sists, of three races- an inner race, a bearing race, 
^*=aRd-anouter race. Mounted with each Sheave is a . 
two-pKcp concentric spacer. The inner* spacer is 
made of steel and is the lubricant distributor. 
The outer spacer, made of phenolic, is "bonded 
to tKe sheave and provides a bearing surface andi 
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is a lubricant retainer for the sheave. The 
horizontal and vertical sheaves are identicd 
except for the lubrication arrangement* 

NOTE: Mark 7 Arresting Gear Service Change 
#230, dated 30' September 1966, directs the 
ireplacement of ^all 24:inch pitch diameter 
sheaves with 28-inch pitch diameter sheaves. The 
larger pitch diameter sheave decreases purchase 
cable bending, thus improving cable reliability. 
Unless specifically directed, this seiyice change 
does NOT include the anchor^ damper assembly ^ 
sheaves. Fairlead tubing ol 2 1/2-inch SxaMetef 
is mstalled whenever necessary between fairlead 
sheaves. This is to protect tiie purchase cable 
and to prevent any dangerous whipping in the 
event of purchase cable breaking- The purpose 
of all fairlead sheaves is to change the direction 
of the purchase cable so that it can be Ipd from 
the arreting engine to the flight deck. 

Retractable Sheave 

Tiie function of a retractable, sheave is to 
provide a means pf lowering deck sheaves v/hicp^ 
would mterfere with the passage of aircrafTahd 



starting torque electric motor, a- geared drive ^ 
system, and limit switches. 

The motor (2) is coupled to a wormshaft (12) 
which has a worm (15) splined to the shaft. The 
worm (15) engages the , worm gear (102^whichis 
free to rotate on the sleeve (4). There are two 
lugs on the back oT the worm gear (10) which, 
after some free rotation, engage two lugs on the 
back of the clutch bevel gear (8). The free 

rotation is to prevent putting an immediate load 

on the electric motor (2). The clutch bevel geaf \ 
fe^SpHhe&*-*to. the sle^Vl 1^40, ^id^kh^ any^* A 
rotation of the clutch bevel gear (8) fotates the 
sleeve C4). ' ' 

The sleeve is directly keyed to the lead screw 
of the retractable sheave so that rotation of the- 
sleeve raises or lowers. the sheave. The amount of 
sleeve rotation^while the sheave is rising is 
governed by the adjustable geared limit switch 
(1) which opens the motor circuit when the 
sheave is iully raised. An adjustable^ torque limit 
switch (16), actuated by the tapping plate 
washer .(9); opens the motor circuit when the ^ 
.§heave is fully lowered and ftirther^pravlcles 
ovetload prDt^^tian for the uirit. The worm is 



deck equipment when in the raised 6p^atmg^j(^ma\iy *held in position with a heavy torque 
position * 



Each retractaWo^^ave -is operated by an 
electric motor >tlmtcoh trolled by a deck push- 
buttonj^tW In addition, an indicator light 
boy^isuisfalled adjacent to the , deck edge 
pushbutton station to show the position oi; the 
sheave-a green light when the sheave is fully 
raised, or a red li^t in all positions^j^ther than 
fully- raised. The retractable sheaves may also be 
operated by means of handwheelsfin case of 
emergency. The handwheel is located below 
decks on the operating unit. To^ clljiiiiiate the 
chance of the- retractable sheave 'being lowered 
inadvertently during landing operations, the 
handwheel is removed from thdunit whenever it 
is not actually being used^ 

The retractable sheave operating unit is bolted 
to the bottom of the retractable sheave as- 
sembly. It is,,accessible for maintenance and 
. manual uperation from, that compartment on 
the g^ery deck which is directly below the 
* retractable sheave. 

The retractable sheave operating unit (fig. 
6-21) is a self-contained unit consistmg of a high 



spring (13). If an obstruction under the sheave 
prevents the sheave from lowering, the sleev^^ 
cannot turn. Then the torque exerted by*'' thg_3' 
worm exceeds the normal torque, causing Tj^e^?^ 
worm to slide along the wormshaft (ll), pushmg 
the tripping plate washer (9), and opening the 
torque switdh. A handwheel (1 1) is provided for 
manual operation, and a declutch lever ^(14) is 
provided to change from motor to hand oper- 
ation. 

It is imperative that the deck edge operator 
knows whether the retractable sheave is in the 
raised position during landing operations, During 
rtight operations, ^ visual, sighting of the re- 
tractable sheave is impossible. I 
• An arresting gear SHEAVE-UP and BY-PASS 
switch and indicator panel (fig. 6-22) is located 
aft of the afresting gear deck edge control 
station to indicate the retractable sheave status. 
The panel is wired into the clear/foul deck light 
and will prevent the arresting gear officer from 
giving ^ clear deck signal if one br'more of the 
retr^'tiible sheaves is not in the fullyrup posi- 
tion. Green lights indicate that all sheaves are 
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BOTTOM OF 
cUNIT 



1. Geared limit switch. 

2, Motor. 
3L Housing. 

4. Sleeve. 

5. Lower bevel gear. 




6. Pinion. 

7. Clutch fork spring. 

8. Clutch bevel gear. 

9. Tripping plate washer. 
10. V^Cprmgear. 



Figure 6-21.— Retractal^le sheave operMiog Unit 
y 152 y^- 



11. Handwheel. 
1Z VVormshaft. • 

13. Tor.que spring. 

14. Declutch lever. 

15. Worm. 

16. Torque limit switch. 
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INDICATOR LIGHTS' 




Figure 6-22.-SHEAVE-UP and BY-PASS switch and Indicator panel. 



AB.368 



up, a red light indicates a sheave is down and 
vrill prevent the clear deck signal from being 
given. A BY-PASS svrftch is provided for ^ach 
pendant to ^enable recovery operations to be 
continued by removing the pendant* from the 
engine with a down retractable sheave and 
placing the BY-PASS switch in the ON position. 

The indicator lights pan be readily checked by 
raising all sheaves to the fuUy-up position ana 



then lowering one sheave at a time. As each 
sheave is lowered, the panel is checked for a 
RED light indication for the pendant served by 
the sheave that has. been lowered,^ With the 
BY-PASS switdi in the ON position/the panel is 
checked for an AMBER light. When ftie- BY- 
PASS switch is in the ON position, cap^ability to 
^ve a GREEN clear deck signal is restored. 
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.Sequence of Operation 

Energizing the motor to raise the retractable 
sheave, by pressing the RAISE pushbutton, 
causes the motor to rotate a helical gear keyed 
to its shaft. This transmits the motor force to 
anothef helical gear on the wormshaft. The 

^wormshaft turns the worm and driv^ the worm 
gea^ on the sleeve. The worm gear rotates freely 
on the sleeve for part of. the rotation, thus 
, permitting the motpj^o^^in^ggjj J>etq;-e fpjl 
loading. As the worm gear .rotates, the lugs on its 
face engage the lugs on tKe face ojpthe clutch 
bevel gear. Rotation of the clutch bevel gear, 
which is splined to the sleeve, rotates the sleeve 
which is directly connected to the screw of the 
retractable sheave, and thus, the sheave is raised. 

^ When the sleeve rotates, the limit bevel gear, 
keyed to the sleeve, rotates to turn the pinipn of 
the geared limit switch. This is the only function 
of the limit bevel gear. When a predetermined 

' point is reached by the rotor of the geareci limit 
switch, the RAISE circuit is broken and the 
raising operation '^ceases. As the geared limit 
switch is actuated, the green lamp (sheave UP 

.lamp) wiU light in the deck edge light bpx. 

Energizing the motor to lower the retractable 
sheave by depressirig the LOWER pushbutton 
causes the motor and the drive system to 
operate in the reverse direction. Again there is 
free rotation until the lugs on the worm gear 
make a .complete revolution before striking the 
other side of the lugs on the clutch bevel gear. 
The sheave lowers until it is completely seated 
and opens the torque limit switch to, break the 
motor circuit. If an obstruction prevents lower- 
ing of the sheave, the worm, still rotating due to 
the force of the motor, will ndt turn the worm 
gear but will be driven axially along the worm- 
shaft until tfie torque limit switch is opened by 
the tripping plate washer. By adjusting the 
torque switch, the sheave can be made to seat 
with a predetermined force before the circuit is 
interrupted. The torque spring will absorb the 
remaining inertia of the system after the circuit 
is broken. During' lowering and raising of the 
sheave, and until the RAISE geared limit switch 
is tripped, the red (sheave NOT UP) lamp will 
glow on the deck edge light box^ 

tor manual operation, the hand wheel must 
be mounted on its shaft and secured to the shaft 



•\wth a setscrew. The declutch lever must then be 
thrown in a counterclockwise direction. This, 
movement will slide the clutch bevel gear along 
the splined section of the sleeve to engage a gear 
on the handcrank shaft. When the handcrank is 
turned, the sleeve will turn, rotating the sheave 
screw to raise or lower the sheave. The declutch 
lever will remain in the declutch position until 
operation under motor power is resumed, at 
which Jime the handwheel is disconnected auto- 
jBatjp^Jly, by |l3i^ .clutcl^. trippers*^ There is •no 
danger to an operator if he is turning the 
handwheel when the motor is started, because 
the handwheel is disengaged instantly without 
shock or jolt. 

Listed below are instructions for the removal 
of Darts necessary to 'gain a^ess to the unit to 
be serviced or inspected : 

1. Shut off the power 

2. Remove the limit switch cover. 

3. Disconnect the power and control wires 
from the jopera ting unit 

4. Remove entire ^)perating unit from the 
mounting pad. 

5. Remove the electric motor ^ 

6. Remove the mounting screws and take 
out the geared limit switch. 

7. Remove ,the pipe flange (end opposite, 
mounting pad), and take, out the gland thrust 
ring. 

8. Remove the housing cover from the end 
opposite the mounting pad. Remove the gland 
follower and packing cover 

9. Remove the lubricant from the housing. 

10. Loosen the setscrew in the declutch lever 
hub and remove the decli^tch lever. 

11. Remove the three capscfews from the. 
handwheel through the cap and pull out the 
entire handwheel piriion assembly. 

12. 'Loosen the jamnut and setscrew in the 
clutch fork and remove declutch lever 

13. Rempve the cotter pin and washer, with- 
draw the dutch tripper pin, and »ke out the 
clutch trippers and clutch*tripper springs. 

14. Remove the clutch fork trunnion retainer 
and clutch, fork trunnion. 

15. Draw the clutch fork out of position and 
remove from the housing. . " 

1 6. Remove the external retaining ring on the 
wormshaft and pull the wormshaftgear 

17. Remove the wormshaft blind cap! 
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18. Remove the wormshaft assembly by pres- 
ang on the end from which the sha(t gear has 
been removed. 

1*9.' Remove, the drive assembly from the 
housing. ( 

The assembly removed in step 18 can be 
further ^ disassembled without further instruc- 
tions, Bearings are a press fit. ^y^' 

NOTE. Adjustments on the geared limk 
switch are made only by a qualified electrician. 

Ths^ following procedure is to be used for 
netting the torque limit switch: 

1. Turn off the power. 

2. Remove the limit switch cover from the 
housing. 

3. Loosen the jamnut on the adjusting screw 
on the torque limit switch. 

4. Move the adjusting screw in if a lighter ^ 
seating of the sheave is clesired. Move the screw 
out if a tighter seating is desired. 

5. Turn on the power and lower, the sheave 
by' depressing ihe LOWER pushbutton, allowing 
the torque switch to function in stopping the 
motor. 

6. Readjust as necessary. The final setting is 
obtained by means of this "triaf and error" 
adjustment. 

7. Install the limit switch^^ cc^er on the 
hotising. ... 



Sheave Inspection 

All sheaves on the arresting engine are subject 
to the following checks along with the sheaves in 
the fairleatl system : 

•1.' Visually inspect the sheaves for* cable 
fairlead system ^nisalinement. This is evidenced 
by the faPt that one side of the slieave throat 
shows more wear than ,the other side. If this 
condition is found, the. sheave should be re- 
placed and the fairlead system alinement 
checked. 

2. Examine' the sheave grooves for cracks. 
The existence of cracks requires replacement of ^ 
the sheaves.^ This does not include surface' 
scratches. 

3. According to the . applicable MRC, check 
for groove condition of all .engine and fairlead 
sheaves. • ^ — 



4. According , to the applicable MRC, check, 
for bearing and spacer condition on fairlead 
sheaves. 

NOTE. If; time permits, the inspections listed 
above may be accomplished at more frequejit 
'int^als; however, the times specified on the 
MRCs are the maximum between inspections 
and mustnot be exceeded. 

The sheave groove gage is used to accurately 
, determine the exact cable groove depth of all 

* arresting gear she^ayes. The sheave groove gage 
(fig. 6-23) consists 'of a 'depth indicator, indi- 
cator face, gage •body, centering disc, screw, and 
^tensioning spring. The. indicator face is divided 
into seven equal sectors and has six equally 
calibrated steps, each t/32 inch in depth. The 

* steps begin at the- BASIC position, which rep- 
resents 1 1/4 inches normal sheave groove depth, 
and descends counterclockwise in 1/32-inch 
increments to 'the sixth step which indicates 
3/ 16-inch total depth. Jo properly use the 
sheave groove gage, the following procedure 
should be utilized. 

1. Pull up -the' depth indicator until the depth 
indicator shoulder is above the BASIC position 

Insert the centering disc in the sheave * 
groove and press ,the gage body firmly against 
the outside diameter of the sheave. 

NOTE: The gage must be positioned carefuUy 
' 'with the depth indicator and centering disk on a 
c direct line with the a^is of the sheave, 

3. Hold the .gage firjtily in this position §nd 
depress the depth indicator until it bot{5msin 
the sheave groove throat (indicator face can be 
read at this point when in an accessible posi- 
tion). * ' ; 

4. Release pressure on the pge body, being 
careful not to misalifte centering disjc and depth' 
indicator. ... 

CAyTION: False readings will result if the 
depth indicator binds in the centering disk while 
releasirfg4)ressure. - * ,% 

5. Remove the gage and read the indicator 
fac^. . ' * . * 

NOTE: The total wear, is the am'ount indi- 
cated on the sector of. the indicator face 6ven 
with the depth indicator . shoulder. Should the 
depth indicator . shoulder' be located* between 
two sector levels, read and record the greater of 
, the two increments, ^^igure 6-24 shows groove 
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depth readings being taken ^ with the sheave 
partially disassembled. 

NOTE: -All sheaves must be rotated and a 
depth gaging done at four points <spaced ap- 
proximately 90"" apart) on the sheave . gr<>ove 
throat. • ' ' . ^ ^ ^ 

'The ifetr^actable sheaves and ^any fairlead^ 
sheaves that 'do .not have access openings will 
^ have to be partiaDy disassembled^ to measure 
their groove wear.' - . 

When inspecting en^ne sheaves/ using the 
sheave grcpove^ gage, obtain ifour. cable groove 
depth readings for each sheave. Rotate each 
sheave and establish ^the groove depth^ reading 
approximately 90'' apart (See fig.. 6^25.) 
I Rfecord all groove depth .readings taken and 
like appropriate action irf accordanpe with the 
^placement criteria. 
After all-^^arresting gear sheaves have been 
^properly -inspected and gaged, charge the ac- 
cumulator to 400 psi and tension the purchase 
cable by retracting the system. 



MAINTENANCE PROCEDURES 

In' ofder'td^be* effectjve, a maintenance 
program piust attain the folio wrijg objectives; 
Safe condition of the equipment before use, 
efficient operation to ipsure safety and maxi- 
mum service life, discovery of trouble before ,rt 
can c^use damage to equipment, minimize dt)wn 
time by adoption of correct and efficient repair 
procedures, and familiarization with the equip-, 
ment, to recognize abnormal operation or indi- 
cation of trouble. * • . 

Maintenance by the ^nesting gsar crew must 
go beyond a wipedown and periodic lubrication. 
The arresting gear personnel must he instructed 
to bring to the attention of the officer in charge, 
any sign of malfunction, wear^, looseness, leak- 
age, damage, or any other inegular conditions.iri 
the arresting gear equipment. They should also^ 
leain the physical location of all operatmg parts," 
cable ^ runs, air sii&ply lines, vahres, electrical 
supply lines, switlhes, fuse boxes, togls and 
spare parts. / 

Inspection of tKe engine should include visual, 
mechanical, and/ operational insijectionsf The 
followmg gener^ notes apply to' maintenance 
throudiout the Arresting geaf equipment. 



^ 1. Mechanical inspectioif is performed while 
\the engine' is at leSt. It consists' of a. security 
check, exercising^ the en^e, and manipulating 
the controls. Tliis inspection isi a check for 
jooseness, excessive play* improper operation of 
hidden parts, lack * of . lubrication, or any ab- * 
normal resistance to motion. 

2. Operational inspection consists of run- 
ning all operable systems thrqugh a full cycle of 
opeFation, checking ' for smoothness of opera- 
tion, proper timing, and synchronization. - 

„ 3. All mainteriance performed on recovery 
equipment shoufd be noted in the maintenailce 
log for that particular unit. ^ 

4. Changes in critical measurements should 
be. logged so they can be used to predict trends 
and avbid'possible troubles. ^ ; ; 

' 5. Wipe down all jesting gear equipmeijt 
d^ly to remove dirt and grime. 
r '6^ Remove rust and'paint wfteii ;iecessafy. 
. . , . 7. Do not paint threads oj finished 
:i|ladiined surfaces. . - ^ 

8, .Che<;k'for loose or d^ajged. bolts, nuts; 
and screwsL Tighten or ^refplace as 'required. 
Replacement bolts should 'be of^qual.or greater 
; strength than the original. , 

9,. All bolts should', be 'tightened to ' the 
proper torque value. . ^ • * 

J p. Check for hydraulic and pfieumatic leaks, 
^. JL.Be alert for any unUsu^ sounds which 
' * may iridicate qialfunctioning equipment Report 
these cpnditioni to the'offi9er in chaige 

12. Check spares on Ti^md against allowable 
.spares list. Replenish spare'parts monthly.' ' ' • 

13. Maintenance personnel must establish 
ana carefully maintain the Recovery W&^e Rope 

. History Chart, recording all wire rope data ^ 

14. .The replacement of any Q-ring, V-ring, or 
other pressure' sestf' necessitates a high-pressure 
test of t^e equipm^t before rpsilming arresting 
^operations. When ^iaking ' a pressure test of 
newly installed seals, if^is necessary that the unit 
stand for a geriod of 4 hour before the ^'sfl'can 
be a^ccepted/ *' . 

0nce,eaph4:|ar (or %s modified by appropri- 
ate t^rftrtical pi^j^cations>, ^rain' the ethylene 
, glycol froiyihe'systMn and replace with fresh 

' fluid'. ^ . . ' ' '\ 

The mainfenance' procedures and inspections* 
outlined in this chapter diould be verified by« 
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Figure 6-25.— Gaging groove depth of engine sheaves. 



checking them against the requirements con- 
tained in the latest applicabje technical publica- 
tions when actually performing the jobs dis- 
cussed. Experience and later findings frequently 
result in modifications to prx)ceduies and 
chsTnges iq specifications. ^ 

REPLACB^G CYLINDER 
AND l?LAM PACKING 

In the. Mk 7 Mod 2 arresting engine cylinder 
iher^ are two seta of chevron packing. One set is 
^ in the mouth of the cylinder and is. the seal 
between |he cylinder and the ram. The otherset 
*of packin|r seals the^ cylinder from the fluid 
oafflet elbow. - ' ■ ; 

. Whenever the packing at the mduth of the 
.Qflinder needs .replacing (fig. 6r26), use the 
foltowing pititedui^es: . - ^ 

" 1. Blowr down the accumulator , and drain 
the hydraulic ^ystfem.' * \ , 

2 Full out the deck pendant until * the 
crossheav is moved to hali-strpke position.* 
Block the crossheadjn this positiQU to jjrovide 
"Working access.. ; , 
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, 3. Remove the screws and slide, the retainer 
' (1*5} an.d w^er (11) along the ram' (15) to the 
' crosshead end. j . 

4. Remoye nuts (lO)^and slidq* retainer (9),^. 
^hims (7), and follower (8) along the ram to the 
crosshead. Remove the.^acking (6l -^v- ^ 

5. Install the ram'^- fixture ^approximately 
riiidway betweei) the cylinder and the crosshead. , 

' Adjust the fixture to receive tht fuU weight of . 
- the ram when the :crossheaxi' and Ifam *are 
separated. 

6. Remove the bolts secunng4he ram twor 
blopH assembly to the ram and remove the ram- 
two- block assembly. , , ^ 

7. Remove the screws securing the-split ring 
retainer to the crosshe^ad. 

8. Separate the ram and the crosshead and 
repiove the split ring front the ram. 

, 9. Slide the parts remov.ed from the cylinder ^ 
off the ram. Discard the pagking (6) and the 
, shims (7). \ 

1 0. Install new packing assembly on the rani. . 

NC)TE: This procedure is necessary when 
repacking the cylinder because NON-SPLIT 
packing .must be used in the .mouth of the 
cylinder.* » - 
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1. Cylinder. 
Z Rubbers 

a Cylinder^^percage 
; r^tainii]^ 

slipper cage. 




8. Follower. 

9. Packing retainer, 

10. Nut . ' 

11. Wiper ring. 

TZ Wiper retainer. ' • 

ia Ram slipper cage retainer. 

14. Ram slippercage. 

- 15. Ram. 
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Figure 6-26.r-Cyrmder and ram a^embly. 



I K Reinstalj. the' follower (8), retainer (9), . 
^wiper (1 1), and retainer. (12) on the end of the 
fam(15).-. ' 

.1 2. Reinstall the split ring retainer on the end 
, pf the rain, slide the ram and cfosshead together, 
.and secure the ram and crosshead with the 
securing spre'ws. ~\ * • ' 
'13. Reinstall the two-brstck assembly. . 

14. Remove the ram fi^xlure from the engine 
structure and slide the packing assembly and the 

- follower along the ram into the proper position. 

15. Slide .the packing retainer into place next 
to^ the follower. Hand tighten and measure the 
distance between the face of the cylinlder.ind 
the retainer in four places to make sure |the 



packing is seated evenly. Aid shims to fdl the 
gap^and also to give the piroper packing float. 
Then install the packing^ retainer. 

1.6. Secure the retainer with the nuts and 
tighten to the proper torque value. 

17. Slide the wiper and the wiper retainer 
into place and secure. 

;i*8. Remo^ the block from the cros§head^^ 
refill. the i^rjulic system, and recharge the' 
engine. . * . 

If it becomes necessary to remove the ram 
completely from the^ cylinder, the folfowing 
method ^. used to replace the slippers on the 
ram and cylinder slipper cages and to replace the 
•rpacking assembly in the mouth of the cylinder: 
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1/ Blow Sowif the accufiiiilatQ^^ and* drain 
thfe hydraulic system. 
^ ' 2. Blocic open the rekrap^ihgYalve. 

3. Pull out the, purchase cable to get slack 
on the flight deck. 

* 4. Block the purch-^se cable and, cut off the ' , 
^ topside terminals. " . ^ " ' . 
^5. Butt braze approximately 350s feet of 
1/2-inch-di^nieter' cable to each^ side <^ the 
purcHaSe cable on the flight deck. \ ^ # 

6. Reniove the. crosshead stop from the 
engine frame. • - 

J. Install the ramYixtureto Ihe engine and 
a«|^it until it supports the weight of the ram. 
^ ,^5p^emove the screws and the slide wiper 
.jetainer arid wip^er along the ram. \ 
9. Remove the nuts and slide .the packing 
retainer and shims along the ram. ^ . . ^ 
10. Remove ihe four bol^s holding ihe , 
. cylinder slipper cage in place. 
• 11. Pull the crosshead* long the' tracks until 
the inn^r slippers are at t!5? end of the track. As 
'the 1am is withdrawn from the cylinder, the ram 
slipper cage will contact the cylinder slipper cage 
and pull it but of the ,cj?Knder along Wfth the 
packing assfembfy. / J* \: 

When this is accomplisjj^d, the slipper^ can be 
replaced and the' cyliirQen-can be inspected. 
jJsiog the reverse procJdure„i%install the compo- , 
nents, replacing the pac^cing assembly'and shims 
at this time. ' , ^ ^ 
The packing^^tween the fluid outlet elbow 
the cylinder* may be replaced using 'the . 
following procedure: 

1. With the crosshead in battery position, > 
blow down the accumulatcrl^ and drain the 

, arresfi^ig engine. ^ 

2. Remove the two-block assembly from the ^ 
ram. w 

3. Remove the fairlead mounted on the 
fixed sheave end of the cylinder. , - 

4. Remove the vfent valve bracket from the 
r,fcngine^^tructure and the ^ent valv« tubing. *. 

5. Move the crosshead forward, by pulling 
both eiifte of the purchase cable equally until tflfe 
crosshead is wjthin 23 inches (minimum) of the 
cylinder. Block the crosshead in this position. 

6. Install InVo c/fUnder support assemblies as 
showff in figure 6-27. Adjust the roller as- 
semblies' Of the cylinder supports firmly against 



the outside diameter of, the cj'linder by, means ©f 
the adjusting bolts. ' 

^NOXfi^: Because of^ space limitations, it is 
neceSSary.to reniove *the adjustment bracket and 
^ roner supgprf on ' one side of' the cylinder 



"^and 



sppporf in order to place the cylinder support 
asseniblies in placei» * ^ " 

7. Loosen, both oyllnder saddle caps that 
semre the cylinder to the saddle assemblies. 

Remove the four cylinder clamps that 
secure Jhe cylinder to the elbow assembly. 

j(9. Turn in the jacking bolts on the cylinder 
supports* evenly to take the load of the cyli^ider 
off JJ;ie sypportijjg sa^Sles so that tiie cylinder 
niay, slide back freely during subsequent i^kijj, 
operation. * , • * ^ . 

10. Pl^ce the jacking block asse^ntl^ onlth^ 
engine cylind^. Make certain -that tjie fingers o£l 
the jacking" blocks ' are -firmly placed *in tfie' 
groove of the^cylinder. ^, ^ 

1 1 . Jack the engine cylinderjjpafri the elbow 
assembly as follows: v «. * 

a. Inseft the plunger end of the ram ,and 
pump assembly (fig. 6-27).bet\veen the face 6f^ 
the elbow assembly and the tak^up screw of the' 
jacking block assembly. Pumps may be placed in 
any 'location suitable for operating the ram 
plunger. ^ ^ 

'h. Operate the pumps simultaneously to 
provide equal jacking action of the ram plungers. 
After the maximum stroke of the ram plunger (2 
1/2 inches) Jife been reached, return the ram* to 
thi^ starting position by turning in the takeup 
scr^w. Repeat the jacking procedure until the 
, fixed sheave end of the cylinder has been«hioved 
18 inches from the elbow assembly^ 

12. Remove the jacking unit 

13. Remove the lockwire and bolts securing 
the packing retainers to the end of the elbow 
assemBly. Remove the packing assembly from 
the, end of the elbow assembly. Inspect all parts 
for damage. 

14. Reinstall the assembly using new packing 
ancl^shims, and safety -wire the bolts. 

. rS. Slide the en^e cylinder back into posi- 
tion with the elbqw.assembly as follows: 

a.*4Iold*the ram and pump^ assemblies with 
one end of the ram plunger contacting the vidper • 
retainer on the end of the cylinder. Contact 
should be made' as close as pjosstble to the outer * 
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RAM AND PUMP ASSEMBLY 



CYLINDER SUPPORT ASSEMBLY 
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Figure 6-27.-Special equiRjnent for moving the <iyiinder. 



edgp of the wiper retainer /*The opposite end of 
the ram pjunger shpuld be against the crosshead. , 
bt Operate the pumps simultaneously to 
provide equal jacking action of the ram plunks. 
Aifter the maxiujum stroke (2 1/2 inches) oflie 
ram plunger ^ been reached, return the jram 
plungers to the retracted position. Repeat* the 
jacking procedures using progressively longer 
extensions between the ram plungers and the 
wiper retainer until the cylinder has been pushed 
'back into position ^gai|i^ the elbow assembly. 

NOTE; The above ^Eehsions can be made by 
ship*s personnel, using any suitable.materials at 
.hand. 

16. Remove the extensions and the ram and 
pump assemblies, then reinstall* thV cylinder 
clamps 'to». secure the cylinder to the elbow, 
ass^bly, and secure the bolts with the^proper 
torque value.,. 

^ 17. Reinstall all components removed and 
tighten down the cylinder saddle caps tl^at 
secure the cylinder to the saddl^f assemblies. 

18. Fill and charge the system and return the 
crosshead to battery position. ' -^^^ 

INSPECTION AND SETTING OF 
CONSTANT RUNOUT VALVE 

The heart ofl the arresting engine is the 
.constant runoy^^alve. Operation of the constant 



runout valve allow^ aifcraft of differing wei^ts 
and landuig speeds to get the same amount of 
deck runout Allowing all aircraft to get m^i- 
mum runout makes it e^ier on the landing 
aircraft arid the arresting engmg. - . ^ 

Due to theimgortance^o^^ constant rwjut 
valve, half^Vay measures ol^aintenance and 
inspection cannot be tolerated. The valve Is 
closely inspected daily for proper operation and 
^adjustment Its failure to function could Very 
well mean the loss of life. 

The torque required to rotate the cam to the 
DWELL position shall be checked after approxi- 
mately every 300 * arrestments, or monthly,, 
whichever occurs first, to ftermitje if torque 
Values; are within the all^able limits. The 
, alio walDle, limits are : 

Aircraft Weight Setiirig ^Torque (Pound-Feet) 



1*4,000 
50,000 



80-110 
110-125 



. The procedure for checking and getting cam 
torque is: . 

U Blow off engine accumulator pressure, 
— TTUsing the motor unit, se| the levers at .the 
14,000 pound weight position^ T^n disengage 
the motor unit by pulling out on the manual 
handwhjjel. (See fig. 6-28.) 
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3. Disconneot the roller phain at the master 
, link and.jemove the^jChain from, the- cam 

sprocket: .(See fig. 6-29^ 

4. ^Ujtilock the key washer at the stemjscrew 
and.loosen the spanned nut. (5ee fig. 6r30.) 

5. Adjust the stem sqrew until the upper 
and lower levers are approximately parallel. 

^ Tighten the Spanner nut. (See fig. 6-31.) 

' 6. Using a torque wrench', rotate the cam to 
the DWELL j)osiyon. Read torque on the 
indicator jdial- and record. Rotate th&cam off the 
DWELL position. (See fig. 6-32.) 

7. Set the levers to thf -^,0.00 pou^d 
• weight position .and' again rotate' the cam to the 

DWELL posjtioh. Re^d . torque on t^ indicator 
dial and record. Rotate the cam off the DWELL 
position. 

8. Repeat ' t'orqiie readings at 14,000 and 
'50;060 ^weight settings at least three times, 
alternating from one to the other, to determine 
-consistency pt readings. Record. all readings. 

NOTE: If torque readings are inconsistent at 
either position, chBck component parts for wear, 
deformity, or^damage. Replace worn or damaged 
components ta insure consistent readings. 

. 9. The cam torque chart (fig. 6-33) can be 
utilized as an aid in obtaining the desired cam 
torque values. (Use of this chart is intended as a^ 
guide only. Due to the variations in valves and 
torquing techniques, the exact positions of the 
guide lines are indeterminate.) Perform correc- 
tive functions, if necessary, as indicated in the 
.cam torque chart unfler applicable situations and 
take new readings. (See fig. 6-34 for procedures 
to rotate tjie adjusting ring.). ^ . 

NOTE: Each, time the adjusting ring is ro- 
tated, be certain to retorqiie the cam housing 
.bolts carefully to the* required torque (240 
popnd-feet). VariatiOiii In tofquing. these bolts 
will cause corresponding variation in cam 
torque. Also, each tinie the stem screw is turned 
to' accomplish* cam torque adjustment, be certain 
to secUrely tighten the spanner nut. 

CAUTION: When airesting heavy jet aircraft, 
cam torque Value shcfUld be kept, as close as 
possible to the 125 pound-feet limit of the 
1I0-J25 pound-feet. torque .range at the 50,000 
-pound weight setting to lessen the possibility of 
ram overtravel. 

10. Make a final check for torque readings at 
the 14,000 and SO,pOO pound weight positions. 
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Figure 6-28.-Decreasing weight settings. 
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Figure 6-29.— Removing rf^ster link 
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SCREW- 




WASHER 




' , AB.40P 

Figure 6-31.-Setting stem screw to adjust roller levers. 
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Figure 6-30.— Unlocking key washer. 



If all values, are witJiin the acceptable torque 
range, secure the key washer by folding a tab up 
into a slot in the spanner nut, and another down • 
into a slot in the valve sleev^. 

11. Rotate the cam until the BAT. POSIT, 
mark oiT the cam is alined with the zero index 
. mark on the cam housing indicator plate, With 
the engine crosshe^d in battery position, rein- 
stall the chain and master link, and attach the 
^fe V appropriate cable e,nds to the chain and to the 
T ^ adji|sta6le anchor on the ^osshead. Make sure^ 
I the screw on the adjustable anchor is centerea 
r. before attaching the cable 6nds to it. (See fig. 
" 6-35.) • ; \ . ' 

Recheck for coincidence of the -index jnarks 
on 'the cam. If they are out of. position, use the, 
adjustable anchor^to position theiti. 

The drive system of the constant runout valve 
-IS tQnsioned by mean^of the tumbuckles to 400 
-'5M< f^pounds. This tension is checked daily prior to , 



m 

f 
1 

re- 




operations with the tension indicator shown in 
figure 6-36. 

During operjations, t}ie problem of purchase 
vcable stretch* always presents itself. As the 
purcltase cable stretches, the crossh^ad will 
mave closer to the crosshead stop/ As the ^ 
crosghead moves in this direction, the drive 
system gf the constant runout valve will .over- 
rotate the cam, putting it out of position. The' 
adjustable anchor is used to r^line the battery , 
index njark on the cam wifh the mark 6n the 
cam housing. (See fig. 5-37f) ^ £ 

If, due to, continued stretch of tn^urchase 
cable, there are no more threads, left on the 
screw of the adjustable anchor, the adjustable 
anchor screw must be repositioned t^ center, the 
cam drive chain removed, the cam manually 
repositioned to battery position, and the turn- 
buckles adjusted to retension the ^rive system. 

JThe drive systerh is the drltical part of tHe 
constant runout valve. Therefore, it is checked 
daily prior to operations for profJer tension and 
for broken wires.. . \ 
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TOROUE-RANGE 




TORQUE WRENCy 
WITH'DIAL INDICATOR 



^UPPER PLUNGER ROUER 
■ DWELL POSltlON ON CAM 



Figure 6-32.-Checklng cam torque. 
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The complete drjve system is replaced if there . 
are one pi more broken wires in the. drive systSii 
or if'thgfe is one cracked link in the chain of the 
3rive system. 

REPLAONG SHEAVE * 
DAMPER PACKING' 

' ' • . • 

Maintenance on the ^sheave dampers consists 
^piijnanly of replacing* worn packing when jeak- 
^ age' occurs. (See flg. 6-38.) Shelve hamper 
, packing co'hsists of Oring and Y-ring packing. . 
, Oring packing is installed at all flanged cbn- 
^ nections, vent valves, and plugs, while V-ring 
[ • packing* is used as a seal between the buffer ram 

'and gland) the damper piston rod ^nd cylinder , 
[ ca^, and the damper piston and cylinder. 

Fluid leakage pt one df the flanged jo/nts is an 
indication of either a bad O-ring or improper 
torque on bolts qr nuts. The procedure to follow 
when leaj^gp occursT where an Oring is used'as a 
seal is: ' * ' 

* 1. Blow down the accumulator pressure, 
, ^ 2. . Check for proper torque on. bolts and nuts. 
• 31 Recharge tiie^accumulaf or. 



. If leakage still exists, proceed as follows; 

, 1. Blow down the accumulator, 
' 2. TSrmx the system..^f . ^ 

3. Remove and discard tnp old Oring. 
^ '4. Qean the mating surfaces, with special 
' care given to the Oring grooves. ; 

5. Lubricate and install the new Oring. 

6. Reassemble the joint and tighten to the 
applicable torque values. 

NOTE: /Improper use of the torque wrench 
wll cause v^ations in the torque actually 
imposed on bolts and nuts. Turn tljte wrench 
slo^yly and smoothly to obtain the most ac- 
curate readings, 

7. Refill the system with fluid. 

8. Oiarge the accumulator to 750 psi and 
check again for proper seal against leakage. ^ 

When the flow control valve i$ disassembled 
tp reglace the seals, make sure the flapper ijxihe^ 
flow control valve is installed properly when 
replaced* The v^Ve housing must be installed so 
tliaVthe flappef*will swing open and allow free 
.flow of fluid from the cylinder to the accumul-* 
atop * ' . ' 
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^il^^MP^'^^iO 125 '■■ ■ 150 , ■ 
POUND-FEET TORQUE AT 50,00.0 LB SETTING 

Figure 6-33.-Cam torque chart . 
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Fluid leakage'that occurs between the damper 
'piston rod and the gland, or between the gland 
and the cap assembly, indicates a failure of the 

I V-ring packing. ' .- -^ ' 

Drain the system ^S;neQessary, then remove 

' the bolts secunnjgt'the -^anff and slide :the gland 
h&(^n theVfeton rod. Remove and discard the 
dd pacldngs.. Retain the spacer and follower. 
Check the piston -rod for possible scoring, burrs, 
or any irreguMties which may have damaged 
the pacljng. Lobricate and install new packings. 
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an4, reinstall shims to insure proper packing - 
floit. ' " 

Fluid leakage that occurs between the damper' 
piston , and the cylinder is due-*© faulty V-ring 
packing oh the damper piston* . 

Leakage that occurs between, tiie' damper 
piston and the piston rod is caused by failure of* 
the Oring seal- One melkbd of replacing the 
V-ring arid tjie Oring seals is to remove the cap 
assembly and reiftove the piston from the 
damper cylinder at the forward end. Since this 
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Figui'e 6-34.-Rotation of adjusting ring. 



procedure entails a lot of unnecessary labor, an 
alternate method of repacking the piston has" 
been developed.' / : ' 

The alternate method consists of removing" 
the buffer assembly and extend'i^ig the piston 
clear of the^cylincler to gain access for replace- 
ment of the packulg seals, anjd is accomplished , 
as follows: ' * * - - . 

1 . Blow down the pre^ure on the arresting 
engine accumulator. / , . - * 
\ . , 2.* Blow down the/sheave damper accumul-" 
•ator and drain the fluid. ^ 

3. D^connect the sheave damper crosshead 
from^ the* clevis^b^ removing the clevis pin (fig. 
6-39), / \ ; . - 
WARNI>03: Be absolutely certain^at no- 
tension exists in the cable system thaf would . 
cause ^'tlie 'sheave damper OTpsshead to move 



' forward violently (away from the clevis end of 
the piston rod) whenSthe crosshead is discon- 
nected from the clevis. 

4. ^Secu^e"a length of rope, to the sheave 
damper crosshead, as shown in the figure, and 

; pull the crossh.ead 3 to 4 feet from the clevis end 
of the ..piston rod. This will provide room for 
installing the piston rod extension. 

5. Loosen the setscrewx)n the clevis enough 
to allow removal of the clevis from the piston 
rod. Remove the clevis front the piston rod and 
the gland from* the cylinder cap as shown ift the 
figure. * 

6. Install the piston jemoval Idt (piston rod 
extension, packing guide, ^d piston rod. sup- 
port),* as shown in figure 6-40. 

7. Disassemble the piston and replace -the* 
V-ring packing. The Oring seal between *the 
piston and piston rod must be replaced every 

^ time the V-ring packing on the .piston is re^ 
placed. . . 

8. Reinstall * the shelve damper cylinder, 
components in the reverse order of disassembly. 

9. Fill the sheave damper .system with fluid 
and charge the sheave damper and arresting 
engine accumulators to operating pressures. 

.10: Functionally 'check the assembly. 

REPLACING ANCHOR 
DAMPER PACKING 

Cable 'anchor damper installations are of two 
types^ the deck, mounted installation and the 
overhead mounted installation. Eadi iilstallation . 
consists mainly of two' cable anch6r dafnpef 
assemblies, fluid piping, to the engine accumijja- 
tor and retracting valv^, a battery positioner^ 
and a batteiy, position indicator The cable 
anchor damper installation* used only with, 
pendant engines, remqves slack as it' <^:curs' 
between the engine sheaves, and -the anchored* 

arrestment' . - " ' . 

Orings are^ used as seals between all flanges in 
the anchor damper assembly, Th^ are the most 
eommon points of fluid l^kage, -The first step in 
correcting these. leaks is to remove all pressure at 
the seal, after which the torque value ,of the 
securing bolts is checked. If the 'proper torque 
. does not stop the. leakage^ the joint must be ^ 



Chapter ^-SHIPBOARD ARRESTING AND gARMCADB GEAR 




*-AOjusTiHG TURNeyaof ^« 

-TO PRE'TEfSjOH OqyH., ^ 
N^CABL£.SYSTOI AT 400 tBS 



Figure 6-35.-Adjustable anchor and tensioning turnbucWe. 
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.TESTIHG'<:ABtE TCMSIOM 
WJTH CABLE TEHStON 
INDICATOR 



h 



9 « 

Figure 6-38.-Drrve system tension Jndicator. 
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disassembled to detennine the cause of leakage. . insert new 0-rings. Reassemble the joints and 
Remove, and Siscard old 0-rings. Inspect the. torque'to proper value. 

mating surfaces fgr evidence o^ faulty.contact , NOTE: The hydrauUc ptems must -be 
■<gean ma^hfe faces', giving special* attention to;. . drained to such an extent that no fluid vail be 
•thTcIeanlineis of O- ring grooves. Lubricate ahC^^^resent when the pipmg connections are disas- 
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Pfeure6.^,-AdjurtingbatterV(J^-i|ark. 
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sembled. This, involves blowing off the ac- 
cumulator, then draining the hydraulic system. 

There are four possible points of visible fluid 
leakage from the operating end of the cable 
anchor dampen Some of 'these points are 
covered here: (See fig. 64 L) There ai^ two 
points of possible internal leakage whiqh are' 
invisible. In all cases, the system must be drained * 
as -necessary before disassembly can begin. 

Visible fluid leakage can occUr between the 
operating end head and the Operating end flange, 
and is caused by failure of the Q-ring or backup 
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rings, or %y excessive clearance between the 
.flan^ and head in the sealing area. To replace 
the O-ring^l and . backup, rings, .-take- .off- the 
removable- sections of the cover and track to 
allow- additional working space. Remove the 
bolts securing the flan^ to the head: ^Support 
the /coupling assembly and move the flange, the 
glMid, and the^piston out of the head. Clean all 
mating suifaces of the flange and head, giving 
special attention ' to the . 0-ring groove. To 
reassemble, slip the new aring and backup rings 
over the piston to the flange. Move the piston 
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(DAMPER PISTON ROD) 



BUFFER RAM 
BREATHER 
BUFFER ASSEMBLY 



MANIFOLD 
(DAMPING END) 



SPRIN 




CYLINDER CAP 
V-RIN6 PACKING 



BEARING. 

DAMPER PISTON ROD 



AB.369 



Figure 6*38.— Sheavje. damper cylinder components. 



back into the cylinder and bolt the fl'ange^to tlie 
head. Replace the cover and track. 

Fluid leakage can occur between the gland 
and the -operating piston rod 6r between .the. 
gl^d and the flange due to failure of the V-ring 
packings to seat-properly against engine cylinder 
pressure developed in, the.head. If adjustment of 
.the- gland 'faUs tp halt the leakage, the packings 
must be replaced. The removable secfions of the 
cover and track are removed, but the gland need 
not be completely removed. It may be slid back 



• along the rod and the packings split before 
installation. Oi> f^oval of the gland, the rod 
jriust be inspected TtoT?^urrs,' scratches, or other 
' surface irregularities which may have damaged 
the ^ckings. Ch^ clearances before reas- 
semT)l>fr^ Lubricate .Mil install new V-i|igp'ack- 
in^ i^g the mt'ained shims ^d^ Adapters.. 
Rerfac^lie cover andtrack- - - 

*]^id^ leak pasi* the^ operating piston and 
thefcyliii'der wall into the cylinder Leakage past 
the|V-^ings of the operating piston will be 

I / i . ; . 
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r— DAMPER PISTON ROD 
I— CLEVIS 




ROPE USED T6 pull DAMPER SHEAvr 
.CROSSHEAD APPROXIMATELY 3 TO 4 
FEET FROM CLEVIS TO FACILITATE 
INSTALLATION OF PISTON ROD EXTENSiO"^ 



^ CLEVIS PIN . 





DAMPER SHEAVE 
CROSSHEAD 



-r 6LAND 



DAMPER PISTON ROD 




LOOSEN SETSCREW ENOUGH TQ 
REMOVE PRESSURE FROM CUSHION 
BEFORE REMOVlflO CLEVIS FROM 
DAMRCR PISTON ROD. 



Figure 6-39.— Disconnecting the, sheave damper crosshead* 



' ^idetected i3nly oii" disSssem5Iy"~bT flifoupT^^ 
function. If leakage pakt the piston is excessive, 

, tlie damper will fail to' remove the slack from 
the c^ble> and engine fluid will accumulate in 

"'the damper cylinder, eventually 'flowing out of 
the %linder throu^ the hollov/ rod of the 
cushioning end piston and into the'ajr container. 
Replacement of the V rings on the operating 
piston necessitates ^disassembly in the same 
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manner "^a^ . replaqmg , the C>r^ between th^ 
cylinder and the operating head, with |hJ 
following additional steps: . * - 

1. The piston rod must be moved, farthei 
awaj^ from the operating head to aUo"w sufficient 
worlang space to replace the packings. . . ^ / 
' 2. Disconnect the , anchor cable af rfie 
coupling and pull the piston ^completely put of 
the head. . - / ' 
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Figure 6-40.-lnstallation of piston removal kit 



3. Discard V-ring packings and retain shims 
and adapters. Inspect and dean all parts re- 
moved. Replace any damaged components. 

4. Install new ring packings and reusable 
adapters and shims. 

5. Pu^ the piston back, into the head and 
connect the cable at the Coupling assembly. 

' Fluid can leak past the piston md piston rod 
of the operating end into the cylinder 'due to a 



faulty Oaring. Disassembly to replace the 0-iing 
is the same as that to replace piston V-rings 
mentioned - previously, . with these ' additional 
steps:' ^ ' ' 

1. Remove the nut and bolt securing the 
piston rod nut, and remove the piston rod nut 
from the piston rod. 

* 2. Back the piston off the rod and discard the 
Oring. / ' ' 
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*3;. Clean^^tiie .Oring groove and mating, sur:^ 
face's: ' ^ ' ' , 

■ 4. Lubricate th^ new Oring and insert it.m 
the piston. . 

5. Replace the piston, piston rod nut, ahd 
securing nut and bolt. , -^^ % • 

5. Insert the piston in the operating head and 
reassemble the same as for leakage between 
firlihder and piston. * • , * 
, There are three possible points of visible fluid 
leakage froin the cushioning end of tlje cable, 
anchor damper, and three points of possible ^ 
internal leakage which are invisible. An ac-/ 
cumulation of fluid in the air container, as notecj 
on the sight glass,, is an indication that thefWd 
is leaking at one or,more of the inyfsible points. 

Fluid can leak be.tween- the cushioningyend 
head and cylinder due to failure of the Orjhg or 
backup ring, caused from improper torque, of 
the flanged joint, or* from improper alinement. 
To replace the 0-ring and backup ring, remove^ 
the air container, piston rod nut and washer, and 
bolts holding the cylinder to the head. The 
cushioning end head can be slid back after 
breaking - the connection to the accumulator 
pressure line. Push the piston ^d rod into^the 
.cylinder to provide, working space, and feTlWVe 
and discard the 0-ring from the cylinder Clean - 
mating surfaces and check the clearance in the 
sealing area. To reassemble, lubricate and install 
a new Oring and new bacl^ip rings, pull the 
piston an^ rod out of the cylinder, and run the 
' piston rod back through the gland. Slide the 
cushioning head over the. cylinder and replace 
the bolts and washers to secure the cylinder to 
th^ head. .Replace the piston rod nut and 
washer. Realine and shim the cushioning head, 
replace the air container, and reconnect the 
piping. Rpassemble the accumulator pressure 
line co;inection, installing the orifice and two 
new C^tings at the orifice. Tighten the clamps to 
secure the cushioning end head. 
^. . Fhiid leakage can occur between the flange 
i and /the cushioning end head, due to failure of 
the Oring of backup ring, or from improper 
. torque. To replace the Oring and^backup ring, 
remove the air container, the pisto|rod nut and 
v^asher, ^and the bolts holding the Tlange to the 
head. Then remove the flange a^d attached 
. Qean mating . surfaces ahd\ check the 

clearance in the sealing area, to bassemble, 



lubricate;ij:^d, install a new Oring* and new 
,backup rings, run the piston rod back through 
the gland, mount the flange to the head, and 
replace, the piston rod washer ghd nut, and the 
air container. Reconnect the' air container 

^^^Flmd leakage between thfe adapter and the 
cushioning end head is caused by failure of the 
Oring. to replace the Oring, break the ac- 
/cuiftulator pressure line ^nnection and back the 
/adapter out of the head. Qean mating surfaces, 
^ lubricate, and install a new Oring.^ 

The points wherexinvisible fluid leakage can 
occur and the ^tiethod of (^orrection follow, 
'tluid leakage can occur between the gland and 
the rod due to failure ^of the V-ring packings. 
Remove the -air container, then .remove the 
cotter pin, slotted nut, and washer frorfi'the 
cushioning piston rod. Pass a wire through the 
hold in the threaded end of the rod and secure 
the wire so that it can be used to pull the rod 
out of the cushioning head flange. CarefuUy 
push the pist9n rod into the flange until the 
V-nng packings are exposed. Care must be taken 
not to allow the rod to fall off the flange surface 
and into the cushioning head. Remove the gland, 
shims, V-iing packings, and adapters. Pull the 
piston rod out by using the attached wire. 
Replace the V-rings and adapters in proper order 
over the piston rod arid secure them in place 
with the glartd an4 shims. Replacyhe washer, 
slotted nut, and cotter pin on th| end of the 
. piston rod. Replace the air container and re- 
connect the pipmg. ^ . • .... 

Fluid leakage- can occur past the^cushiomng 
end piston into the cylinder. This is caused by 
, the failure of the V-ring packings. It is evidenced 
by an accumulation of fluid in the air contamer 
and is detected by means of the sight glass. The 
air contained and flange must be remdved to 
allow the cushioning piston to be drawn out of 
the cylinder. The packings muit be replaced 

Fluid leakage past the piston and piston rod 
in the cushioning end is caused *by a faulty 
Oring Remove the rfange and slide the piston 
out of tije cylinder. Remove the nut arid bolt 
securing the piston rorfnut and back the nut off 
Back the piston off the rod, discard the 0-ring, 
and clean the Oring groove. Libricate and insert 
a new Oring. Reassemble the piston and insert it 
into the cylinder. Replace the flange and secure 
. it to the cushioning end head. ^ . 
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Jiere are two ways in which j)urchase cables 
are re^fved through the, arr^s4ing engine-single 
reeving for pendant engines, and endless reeving 
. ^nWF^^® engines. A -single ^eved engine has 
two^rchase* dables which are connected to a 
deck. pendant at one end and reeved through the^ 

• engine, and connected to anchor dampers at the 
^ other end. .(Mod I engines do .not have anchor 

darapets; the. engine end of the purchase ca|5les 
are connected J;^ ^chor couplings.) The endless 
reeved barricade engines have^ ^ sin^^ purchase 
^ .cable reeved through the engine vrfth both ends 
termr-iafing on the flight 4Sck, 

Purchase cables are^ lang ky cables, and are 
manufactured right lay' or left lay. Rfght or left 
lay depejjds Qn whether the strands of the cable 
rotate to- the rfght or left while receding from 
the observer and whei^jXI^d frpm above. Lang 
lar denotes cables in wh|ch the wire! gf th e' 
strands and the strapds'of the c^e are twisted ' 
'irf thPsame direction so that the outer wires in - 
the^ lang lay cable run diagonally across the 
longitudinal axris of the c^ble. Lang Jay right- 
hgnd purchase 9able is ^ manufactured/ pre*- 

• fofrnTed cable. ^' i 

The 1 *3/8-inch diameter pur^hSse cable is 
made up of *6 steel stands, each 1>f which is -a 
twisted bundle 9 %ajor vjires*and j6. filler 
wirefs ;(the filler^prSrs provide shape stability to 
the strand, wi*^ little stren^ contributiQD|j^l 
twisted about an oiled, "hemp center 
which is buried a paper or plastic tape strip 
bearing the name of the ^ble manufacture^. 
(See figure 642.) By ^tting a short 'length, of 



ytmis PEF STRAND 

^ (19 major wires) 
sTfiller wikes 
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Figure 6-4^-Cross section of preforrtrecTpiirchase cabla 



^ chapter 5 of ABE 3^'& 2, NavTra 10302-C; 
4therefore, this secrion dea'ls chiefly with inspec- 
tion procedures ahd replacement. criteria.- 

Due to high engaging speeds of gircraft being 
recovered^, purchase cables' m.ust be fre* 
quently inspected and i-eplace , wheg certain 
rfjonditions ^jfist. Inspections and'replacem^nt of , 
purchase cables are geared to time in service, §ize 
of^deck and fairlead sheaves use^,, number of 
arresrtlftpnts, itid types of aircraft arrested. Also, 
certain adverse conditions itquire the purchase 
cables to be inspected and/or replaced.- The 



be 



cable ana uWaying U^..ra^d» fro^around '.he • ■. pl^rh;. caSe.'7us" i„%T ed'EWof 
center, the manufacturer's ^ape canT^e rem«Wd. the fcfllowmg occurs : ' ' 



.When 'an arrestment is made '20 fee 
- more off centerline. . ' . • . j . 

'2. When th^ engine tWo-;b]ocks during arrest- 

' 3. Aftef any unpredicted short runout' 
, Thp purchase cables jnust^Je replaced .under 
any of the following conditions^v-^ ' 
r I. KINKING. (See 'fi^ 6-43:) 



The maker of any arresting gear cablq 
determined in, thi^ fashion in case *dP?Sany 
abnormal conditions or ' failure of cable, .The 
purposes of \he oiled hemp center are to provide^ 
a "cushion'' for e^ach strand (as tension m the 
cable acts to squeeze the strands together), and 
alsa to supply lubrication when" thV. cable is * 
nnSh tension. - . > * . S 



. ^ . J^6-43.) Kinkine is -a/ 
tight, smafl-radius. loop , tfla^inay Be formed by 



tight ^ 

Inspection and Replace«ien1 Criteria. \ -jc^^ive torque buildup or , anTabruptiV'St^d 

' ^ . ^ . ''^ Retroaction cycle of the an^esting eneine. Newlv 

MlJ7?r^i"t; -'^^^^ ^'"'^"^^ purcli^e. cables .must be detorqued 

Mk 7 arresting engines is cov^i^d tjipforighly in after the Srst 50 ' engagements (and not more 
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Figure 6>44.^Broken wires. 



' . ' ab:407 

Figure 643.-Kin|cerfcabI^'and straightened cable with 
kink pulled through. 



than 60), and must be detorqued every- 200 
engagements thereafter. 

2- BROKEN WIRES. Close inspection will 
reveal broken wires. Broken wires may occur at 
any point in.the, cable. The hemp core pushing 
out, between the cable strands could be an 
indication of a broken wire. When this condition 
exists, inspect affected area cargfuUy. Four or 
more broken wires within one t^ble pitch length 
is cause for replacement of the entire cable. 
•Note 'broken wkes (A, B, and QAn figure 6-44. 

3. EXCESSIVE 5TRAND INTERFACE 
CORROSION. (See fig. 6-45,) External and ^ 
'iotemal cable corrosion, caused by trapped^ 
moisture in the fairleadin^ system, cah cause 
reduction in the^cable, strength and .even subse- 
quent purchase cabl^. faihire. Strand interface 
coffosion will be evident on close ins^bction and 
may occur at any point in the c^folfej When 
corrosion exists, inspect ||je^af£ected-«fc5 care* 
fully.' Corrosion on the interface of all the 
strands within a cable pitch length is cause for 
replacement of the entire purch'ase cable. 

4^ EXCESSIVE WEAR OF CABLES. Because' 
of 4he angle that individual wires ^ake with the 
axis of tjie purchase ^^1^*. theJctov/n of these 
wires, when worn,, is Mpmely elqngated. Wear 
of lang Jay cable is detTi^ih^ by measuring the 
distance, between the end of ffie worn portion of 



-STRAND INTERFACE 
CORROSION 




Figure 6-45.— Strandinterface corrasion. 
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one ;wire and 'the beginning of ^ the fifth Wire 
away on the same strand. This measurement is^ 
known as the "Q" dimension. Figure 6-46 shows 
how the ''Q" dimension is obtained. The **Q" 
dimension decreases as cable wear i«qreases, 
therefore two or.more readings should be taken 
from each strand within a cable lay to assure 
that the MINIMUM "Q" dimension is obtained 
for feadi strand. Excessive wear of lang lay cable 
is defihed^s'^a condition in which the sum of the 
MINIMIM ''Q" ipeasufements taken from each 
strand of a ca\)le lay is 8 incfies or less when the 
measjurements are faken from the first ¥5 feet of 
the cable (measured from Ihe -flight deck; pur- 
ch'ase cablo poured terminals). When measure- 
ments are takei^ from the ' remainder of the ^ 
cable^ it is considered excessive wear if the sum 
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' of theTWINIMUM «Q'' measurements taken 
from each of the six strands of cable is 9 inches 
or less, or jf the minimum "Q" me^urements on * 

, any three strands is 1 1/4 inches or less. Cable 

> replacement is mandatory when ^ithe^ of the 
above conditions is reached. / / : 

Figure 6-47 shows the inverse relationship 
^between the amount of cable wear.tod the **Q'' 

' dimension. The flat sppts on the lower cable are 
considerably larger than those on the upp^r 
cable, indicating greater wear, however, the ''Q" 
(Jimension of the lower cable is substantially le^ 
tlian that of the upper Cable-thjyyg as the ^ar 
increases, the "Q'* ^iimensioivdec^^es. ' 

5. INSTALLED MORE tilANT2 MONTHS. 
The purchase cable must be jepfaced, regardless 
oP condition, if it has been installed more than 
12 months. *' 

To permit study of failed purchase cables for' 
th^ purpose, of establi^ing inspection and re^ 
placement criteria, samples of the failed pur- 
chase cables are taken (fig. &48)^ 

The •procedure for taking sampjes oT a failed 
purchase cable are :• * 

1. Remove a 50-foot sample from each side 
of the break. ' . J _ _ 

» 2. Remove a 36-foot||ample, 100 feet from 
the topside terminal^ . • • 

3. Wire a metal tag to each simple. The tag 
must have an identifying letter stamped- on it. 
(See fig. 6^9.) ^ , - - 

4. On a separate sheet paper, record the 
identifying- letter and the following data; * 

a. Carrier number. 

b. Engine number. 

c. Date the purchase cable was placed in " 
service. ' ^ 

. d. Section of the- failed purcljase cable the 
sample was taken from, e.g., 50-foot, engine side ' 
of^ break, port cable; SO-fopt, 100 feet from, 
topside terminal^ port side, etc^ 

NOTE: If a Ijreak in the purchase cable 
occurs ait a location where one of the prescribed 
samples cannot be taken, obtain another samgle 
as near as possible to the ope .that is desired. If a 
sample is taken' fropi a^ location oth^ than the 
ones prescribed, the samjile shall be clearly an^ 
precisely Jdenfified as above. 
^ 5. Insert the recorded informati^^ in a sturdy 
manila envelope and staple it to the inside cover 
of the shipping box. ' Z 




Figure 6-46.- 

excess! 
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>fng "0" dimension to determine 
fwear of lang lay cable,. 




NOMINAL WEAR 




EXTENSIVE WEAR 



Figure 647.-2Relatlon8hlp between the ''Q' 
and the extent of cable wear. 
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'30-FOOT CABLE SAMPtE 
100 FEET FROM 
TOPSIDE TERMINAL " 



BREAK -IN FAILED PURCHASE CABLE- 
APPROX'^JO-FOOT MESSENGER CABLE 
SPLICED BETWEEN BROKEN ENDS 
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Figure 6-48.— Obtaining samples of a failed purchase cable. 




^ETAL TAG 
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^ ^ure 6-49.-Cablo sample vwth identifying metal tag. 



6.* A peport by message is made to the 
applicable Type Command, with information 
SJO^iQS to NAVAIRSYSCOM and- NAEC, re- 
[uesting disposition instructions. - » . 

The Type Command .will select the procedure 
best suited to the particular ship*s location and 



the seriousness of the failure, and provide the. 
ship with disposition instructions. 

SAFETY IN INSPECTIONS 

The "recovery of" aircraft involves various 
inherent dangers due \o the complex coordinai- 
tion of men and machinery. Personnel engaged 
in operation of the . arresting gear equipment 
must be thoroughly trained and initiated in the 

^operatibns. "-Disregard for the fundamentals pf 
caution and safety will create .hazards far iix 
excess of the inherent. danger factors. • 
- Arresting gear must be kept ready for instant- 

. use. There is only one way such, a condition may 

~^be effected; that is, by constant inspection, - 
repair, and maintenance. *Prelanding ^d post- 
landing inspection 6f all. components is a neces- 
sity and mandatory, . as directed by the appli- 

. cable MRC. Evwy sectipn, topside, beldw deck, 
engine areas, and ready stowage must be piie- 
pared to function on command. 
• Thie^ necessity for act aracy* of. command,* 
attention to command, and care" of communi-' 
cation systems, whether such system be by 



tjjjpner synchro signal, or lights, must be empha- 
sized and\horoughIy understoo^by all opera- 
ting personnel. Accuracy in ^king proper 
settings of gears and indicator systems, and 
^piopef tension and pressure* 'tests must be 
emphatically impressed on all pal^nel. 

During an arrestment, alPtop^e and deck 
edge persi^nel should be aware of all movement 
on and about the flight deck, with strictest 
attention paid to what the landing aircraft Is 



tive maintenance. Preventive maintenance cpju- 
sists of routine shipblDard procedures designed.to 
increase the effective life of equipment 1 or 
forewarn of impending troubles. Corrective 
maintenance includes procedures desired to 
analyze and correct material defects and 
troubles. The niain objective of shipboard pre- 
ventiye maintenance is the prevention of break- 
down/ deterioration, and malfunction of equip- 
ment. If, however, this objective is not reached, 



doing Because of the possibility, of penda4^^'-"'"^e alternative objective of repairing or replacing 
failure, deck edee rrtntrol onprator<; «:hniilH HnrV f;iilpH pnnmmpnt — Arki-rorfiua mninfan-.n.-^ mno^- 



failure, deck edge control operators should duck 
below the deck level during pehdaQt\^est- 
ments. Pendant failure could cause cable whio, 
or cause the aircraft to go c(ver the deck edge. *^ 

Catwalk personnel should be as few as pos- 
sible, so they can move freely and get put pf the 
way should they be placed in jeopardy/ 

Hookrunners should approach aircraft from 
the front and side. This will place them away 
from danger of jet blast or broken cable back- 
lash. . ' ' * 

Rapid fuel consumption by jet aircraft re- 
quires highly trained, well drilled, responsible 
o^ws for the rigging of barric&des. Regular drill 
schedules in rigging should be held to reduce 
rigging timfe to a minimum. 

The greatest safety factor in the operation of 
the arresting engine i^ constant attention to 
inspection, maintenance, and overhaul. PreY?n- ' 
tive maintenance is particularly necessary.. Daily 
inspection, inspection after each arrestment, 
and^ depending on the unit involved, inspection 
and maintenance 'at regular intervals will nullify 
• many of the conditions that may arise to 
endanger personnel. 

Mairi tenancy can be divided into two broad 
categpries-pfeventive .maintenance and correc- 



failed ejquipment- Corrective maintenance -must 
be accomplished. 

Shipboard preventive maintenance programs 
in the .past have varied from one command to 
another, resulting in various degrees of opera-, 
tional readinesa. The 3-M system, a uniform 
system^ of scheduling, recdtdin^, reporting, and 
managing all maintenance, is now in use. 

The system is not to be considered a "cureall" 
for all ec^uipment and maintenance problems. 
The/system does, however, envision a logical, ' 
effifcient approach tq these problems by launch- 
ing^ a forthri^t attack on electrical^ mechanical, 
a|id other types of disorders. The system also 
produces a large^reservdir of knowledge about 
equipment disorB^rs, which, when fed ba^ to 
the- appropriate sources, should result in correc- 
tive steps to pvQ\ent recurrences. 

The maintenance system, like any other sys- 
tem or program, is only as good as the personnel 
who make it work. Your role in the system as a 
POl or CPO wilL include the training of lowjer 
rated .pereonnel in its use, as well as the 
scheduling and supervision of m^tenance. As a 
leading petty officer, you piust keep abreast of 
ne\v developments and changes to the mainte- 
nance system. 
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VISUAL LANDING AIDS 



Visual landing aids.(VLA) used to aid pilots 
while . operating aboard carriers include, deck 
markings, lights, lighting controls, a closed- 
circuit television system incorporating a video 
tape recor.der to record and play back landing 
information,^ and other optical devices which 
improve operational safety on the flight deck, 
particularly nluring take-off, approach* and land- 
iftg of aircraft. * ^ - 

- The introduction of the*optical landing sys- 
tem to carrier aviatiop in 1955 offered the most 
radital .change in decades in flight operations, in 
that It provided consistent, standardized, and 
optimum carrier approaches. This capability, 
along with the angled deck, made^ it ideally 
suited to the mcreasing demands^ of new, high 
performance . aircraft. Coupled with the flight 
deck lighting system, the optical*gIi'de indicators 
^dded appreciably to the safety of air operations 
around the clock from a carrier. The first type 
oY optical landing system developed was the 
Mirror Deck Landing Si^t (MDLS). After many 
years-^fn^perations it proved itself by the steady 
decline in landing accidents. The fnirroxhad the 
disadvantage^ of* being large an dC cumbersome; 
and when se't up5for some types of aircraft, it 
presented a hazard. because it was elevated high 
above the flight deck level. Also, to make 
changes m^setting^ for different types 6f aircraft 
a man had • to make these changes at . the 
installation itself. This was extreme}); hazardous 
with the portable mirror installed on the star- 
board ade of the d^ck.' * ^ / 
- After- test and evaluation, the Fre&el Lens 
C^tical Landing ySystem (#LOLS) wks devel- 
oped. i^s wiil'b^ seen, its basic function fi? the 
same as the njirror, but it does not have to be 
'-elevated loy different typ^ aircraft. Therefore, 
no obstruction to aircraft is presqpted. Norm- 
ally, |H: setjings on the Fresnel Jens are made . 
tely. This lends itself tp grea^ter flight deck 



safety^ for personnel responsible for the opera- 
tion of the Fresnel lens. • 

Both of these units^/the mirror and the 
Fresnel lens, are stabilized to compensate for 
ship's pitch and the vertical component pf its 
roll. These units woiild be^seless if the ship was 
ifioving about due to rough seas. For this reason, 
the' Manual Meatball or manually operated 
Visu^ Landihg Aid System • (MOVLAS) was 
intrqduced. As the name implies?, this unit is 
operated manually by the landing signal officer 
<LSQ), It alerts the pilot to* a high ^ or low 
apprpacTi condition ^y the position of a meat- 
bait W relation to a row of horizontal datum 
ligh^the same as the MDLS and FLOLS? The 
unit/can be installed qyickly with very little^ 
del^y in landing operations. These 'unit^, along' 
m the. Pilot I,andihg Aid Television (PLAT) ^ 
System, are discussed in detail in this chapter, 

FRESNEL LENS 

, OPERATING PRINCIPLES ' * 

The Tresnel systemX^an elSctro-'optical land- 
ing system, for use on aircraft Carriers. By usfe of 
the Fresnel system, a pilot whpse aircraft is 
approaching a carrier may visually establish and 
maintain the pr9pe'r glide sldpe angle. for land- 
ing. > * 

All of tHe Fresnel. uniiTare portside, perma- 

, nent insolations. The Presnel system providiss a 
horizontal bar 6f light that appeais*in the deck 
edge assembly/Tlje position of Jfliis bar of light, 
* with respect*to a set of fixed horizontal datum 

* lights, indicates to the pilot pf an approaching 
aircraft whether -he is, above, below, or on the 
correct glijfie slopT^The baf of li^t is formed by 
the combined actions of source lights;' Prtsnel 

^ lenses, and,' lenticular' lenses. Because of the 
optical sys:tem, ^e bar of Rght appears above- 
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the horizontal datum liglits *if \the glide slope 
angle is too great, and belpw the horizontal 
' d^tum lights if "the gli(Je slope is too small. When 
the^ pilot alines the bar of light with fhe 
horizontal datum lights, his approach is correct 
for a carrier landing. 

Different types of aircraft ha^e. different 
' structural characteristics and capabilities; there- 
fore.* different ^de slope angles should be 
Established. However,'"*as a matter oC practice, 
the basic angle ^ttings of 3.5 and 4.0, are most 
commonly used. The§e settings, represent Jlre 
basic angles that are considered to,be acceptable 
in most recovery operations. For more 'informa- 
tion conceming the exact recominended basic 
angle settings for th? recovery of each of thfe 
different types of aircraft, always refer to the 
applicable recovery bulletin. ' *^ 

Although the basic angle setting is seldom 
changed for different types of^ircraft, the roll 
angle is changed. The roU angle' compares to the 
height corrections made with t^je mirror. 'Eie 
reason for it being called a roll* angle in the 
Fresnel lens is because the. height of the Fresnel 
unit never changes. To compensate for aircraft 
.Jiaving different^iiook-to^ye ^H/E values^ -th^ 
Fresnel unit is rotafed about its roll axis. 

the'roU angle^ that is selectedis not altered as 
. a result of the-«tabilization signals received from 
the ship's stable element. Once the basic and roll 
angles are selectecf, they ar& maintained re'gard- 
less of the pitch and roll of t^e carri'er in respect 
to the true horizontal, in the line mode of 
operation The indicator assem^jly njaintains tfie 
selected basic angle in accordance with stabiliza- 
tion, signals received', from the sKip^s stable 
elemerft The relationship of the stabilized light 
plane to the horizontal plane -of the deck is 
altered, so that the hook, touchdown point is 
Within* the cross-deck pendant pattern, while 
mafaitainihg a safe hook clearance above the 
stem ramp on approach^ , t ^ 

The basic differences between the Fresnel lens . 
system art d the mirror is that changes to the"^ 
settings' are normally made remotely in . the' 
Fresnel^ system and the mirror^ is a 'reflection 
system whUe the Fresnel lens is a'^projeSion 
system All settings can be made remotely from^ 
either one of two stations. Remotf. control panel 
riS located in primary fly. This iS where all 
settings are nomially made. The'unit is eqbrgized 



fr.om this" control panel-andTjall the lights cap be 
tumed on from this station, ,theix brightness 
controlled, and the basic and roll angle set inter 
the indicator .assembly. Figure' 7-1 shows the 

" general arrangement of Fresnel lens cpmponents.' 
Located belbw.the flight deck in^the FLOLS 
joom is the main power^ panel ^d remote 

' control panel J2- The power panel is the. central. 

. power' and signal distribution station for the 
Fresnel sys'tem. Remote control i|)anel 2^ is 
located adjacent to the pow^ 'panel, and it can 

/^also be used to mgke all the settings and 
, adjustments^^at remote control panel 1 makes. 
Remote conQoj panel 2 is. used only in. an 
emergence/ If remote, panel 1 suffers battle, 
damage^t can be isolated; and then all settings 
and a^pstments would ^ made from remote, 
panel % Dieting normal opeiati^^/ftmote panel 
1 is Wocked'in the OFF positio^^ 

• f At the LSO platform, thfer^are two indicator 
panels. These panels inform the LSO of the basic 
and roll ,angle^$et into the unit, hbok-to-ramp 
(H/R) clearance, hook-to-eye -setting, and. the 

» brightness oT the source, 'lov^ cell, and datum 
lighfe, s , 



DECK Ed6e UNIT 

The lens unit located at the deck edge consists , 
of a. lens box approximately 22 3/4 inches wfde 
and 4 feet high. Th^ lens box is made up of five 
individual cell ^assemblies. A vertical coli^mn of 
four red waveoff Jights is located on each side 
V about 3 feet^away from theriens >box. (See fig. 

7-1.) / ■ . ' 

Twelve green datum lights, six on each-side, 
.are^ mounted in line with the horizontal 
cenlerline gf the lens box. Four 'green '*cut*' 

^ lights appear near the top of the display, two on 
each side, arranged horizoritally bety^een the top 

' waveoff lights and^the lens bqx. ' ' * 

A yellow bar aflighf is displayed over the full 

• /widfli of the lens box. The iens box m^y be 
^considered a 'window through 'which the pilot 
views the bar pf Ught. Tlfie bar of light appears as ^ 
though it .were locaUd' approximately 150 feet" 
beyond the window. When viewed ffom any- 
where on .the-prescribed.glide slope, this t)ar of. 
light (meatball) will appear inJine with the^'green 
datum lights, (See fig. 7-2.-) ^ . 
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1. Power panel. 

Z Line stabilization panel assembly.^ 
i, LccH cell f lasher assen^bly. 



. 9. H/R ramoW jnMils 1 and 2. 
11. JiNHt}«R l»oK MNmWy. * 



4 Source light failure mdicator assembiy. 12. PkWa twiti#»< 



* 5. Transfomwrendosure* 

6. Disconnect and ihonilorass^p^.bly. ' 

7. Control box assemblyT 



iZ: UQ panil. 

14. WavMff fMAlttr. 

15. LSDM/Rmov^M'. 



' a ' Ranwte control j>ineras$emb!ies 1 and^f^ 1i- ^Jarm Ml. * 



. ' Figure 7-T:-Gefwral arrangemmtof FLOLS 
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•OPTICAL TOUCHDOWN POINT 



-HOOK TOUCHBOWH POINT . 



Figure 7-2.-Pfincfple of glide slppe angle. 
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. The bar oF light will rise alcove the datum 
Bghts as the pilot rises ^bove the glide sloped 
eveatually sliding off tHe Top of the lens -box 
when the pilot is 'fnare than three*fqurths ot a 
degree above the glide ddpe. The same holds , 
true as the pilot drops befow the'glide slope. The 
meatball will drop below the datum lights and 
finally slide off the bottom of the lens box, , 
Therefore, 3vl)f n the meatball is hl^, i.e., aTjove 
' the datum lights, the pilot 'is above the glide 
^lope, and when it is low, the pilot i^ below the^ 
glide slope, In either case, the dlyect is ip line up 
the meatbair w.ith datum lights. Because flying 
belpW the proper glide slope sets upi a hazardous 
condition, the bottom^ cell in the indicator 
assejpbly hai a red lens^instaljed. Whenever the- 
pilot, can see a red bar oflight, he immediately 
knows he is low. * ^ > 

Referring^to^^gure 7-3, tl^ lens box (8) itself 
(indicator assembly) is, capable of^being tilfed 
about t\yo^axes at right ingles to one anoth^rr 
These axe^ correspond^foughly to the' pitch and 
roll a^es oPthe carrier* 

The ,tilt in pitch detenjunes the^ glide slope 
.a;igle to*l)e; flQ\yn. This is known* as the basic 
angle setting pf the lens unit. The tilt/in roll 
causes .thq g^de slope ''at the center{ine* of ,the 



landing urea to be raised tor lowered.' This^is 
'pQssibl§^Mc^ifeQJthe^cenlGX«xrf.^^ bar of light 
from the indicator assembly, is^shining parallel to 
the centerline of ihe larfding ajea. (See fig. 7-4.) 

Rolling the indicator assembly makes It pos- 
sible to accommodate the hook-to-eye values 

, TH/E) of the various aircraft models without 
haying to eleVate the indicat9i assembly. (See 
figv'7-2 for H/E^ distance.) This is knovvoi -as the 
nSlf angle indicator setting of the lens unit. 

. ^ The prescribed 'glide slope is" defined as the 
gl^de slope dictated, by the lens unit when 
viewed from the vertic^ plane x)f'the landing 
atea centerline^^ This means that to'be on the 

^ prescribed glide slope, THE ?\lOJ MUST BE 
LINED UP WITH THE LANDING AREA- 
CENTERLINE while maintainiiig the meatball 
in line wjHi the datum lights, ^bnce aglain, the, 
Fresnel lens unit does not line the pilol up with" 
/the cfenterline. If he is, to either, side - of Uie. 
'center j:rf- the landing area, l\e. will bQ*fly;ng,a 
glide slope parallel to byt much higher or lower 
than that prescribed by ihe lens settings. . 

The ^indicator asserably xo.nsists of iive xells 
an4 a stacking fram^ Each cell contains th^ee . 

. sourci^Jamps with associated lenses to privi/de a 
bar. of light at the front of the ifteJcatpr 
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CXitfooarcTfixed datum phts:. 
Outboard conditional dayum lights. 
Outboard waveoff lights.^ ' * 
Outboard ^xiliary wav'^ff lights. 
Outboard dut lights? * 
eJPitdr power dfiveuassembly. 
7. Roll 'power drive assembly. * 
• a Source li^t indicator assembly (lens box),' 
9. Inboard cut lights. 



1. 
z 
a 



10. /Waveoff indicator. 

11. inboard auxiliary Waveoff lights. 

12. Inboard wavepff lights. ^ ^ 

13. Inboard conditional datum ifghts. 

14. Inboard fixed datum lights. ^ 

15. ' Indicator junction box. . 

16. Auxiliary waveoff junction bo)t. • 
•17» Inboard junction box. 

18. Stowlock assembly. 

19. Oajboard jnpctipn.box. . " > 



Figure 7*3.— Fresnel laps 




assembly. Each cell is provided with a Heating 
system to maintain coriftaht temperatiu:e.for 

,the Fresnel lens. . 
There are ,two Wpes of lenses lised in the 

.optiiJal : portion of the Fresnel system -the , 

^ Fresnel lerfs an^ the lenticular lens. ^The Fresnel 
lens^ IS composed of a.jightwei^t and relativdy 
thin, "slxeet. of transparent Lucite. The Fresnel ^ 
lens differs in configuJatiop from a planpconve^t . 
as shown in figure 7-5» ' ^ ^ _ 

One surface of the Fresnel lens consists of a 
number of stepped facets. ^These facets am 
circular (simflar to a phonograph recdrd), cpn- 

* centric grooves that extend from the c6ntef qf^ 
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the lens to the edges. The sFoi^e pf each .facet is 
independent of,'the slDpe of all the other facets. 
'Th?se slopes /are designed ^to 'provide a perfect 
focus of the ligrtt rays which pass throu^ the 
lena 'This provides ;an advantage over a conVex: 
spherical len? as sfitowh in figure 

A convex- .spherical lens has spherical abera- ♦ 
tioft* 'When 'ihe rays of; Ught parkllel^ to ih^ 
principal axis of a convex sph^rioal lens pass 
liirougji zones neah^the! edge,* the principal focus 
occursTaf a pomt wluch is cfoser^to the lens tiian' 
the focus for rays which piss through the lens 
near the* pijncipat axis. Therefore; the light fays " 
from a convex spherical lens tend to scatter. 
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The Fj^snel lens' can also be formed around a 
suitable ^radius to^minimize astigmatism. Astig-, 
*matism of a lens is the inability of the lens to 
brin*g all of the light rays Trom a point on an 
object to a sharp focus at the image. 

A lenticxilar tens js placed in front of the 
Fresne^ lens. It^ is sometimes referred to as a 

' spreader Jens! Even though the lei^cular lens is 
molded In one 'piece, it* consists of several long, 
convex,' cylindrical lenses placed side by side as^ 
shown in figure 7r6.. Each mdividual lens has the 
same short focal length. The viewing^area of the 
pbject is spread by the short fodal length of the 

[.lenticular lens. The object consists ofaniultiple 
light source with spacing between tiie lights, as 
in^ the Fresnel lens landing system, (tl^ree sojarfe 
lamps in, a ceil); but the object appears to ,an 
Observer locking into the lens as a continuous 
band of Ijght which fills the'.vlddth of the lens. 
The object appfears as 'a continuous band, of light 

' regardless of the observer's position in the 

'azimuthaf range ,of view of the lenticular lens. 
The azimuthaj range of the lenticular lens used 
in the Fresnel system is'40°..'fhe appearance of 
the height of the object is not affected by the 
lenticular lens; ' 

The leniicular lens in each cell assembly is 
colored aviation yellow during manQfacture to 



eliminate the need for a color filter*. The*bottom 
cell, as mentioned* previously, has -a lenticular^ 
iehs cdored red in manufacture as a safety 
. feature to indicale io a pilot that he is below the 
proper glide slope. Also, the sunglare from the 
lenticular lens is reduced due to its shape. If 
smooth filter were used to dover the Treaiel 
'lens, the sun*s reflection might obliterate the, 
im^ge. ' ' ^ ; 
* The 'indic^to^ assembly contains 15 source 
lamps, the Fxesnel and lenticular Jenses, .ajid a 

_ heating ^^tem. The interior of the cells is 
painted black to recluce;int6mal reflections from 
the source ^lam*ps. .\ • ^ _ > 

The Ip S9urc^ lamps are contained in five 
separate \5plls,^each cell containirig three source 
lamps arJran^d horizontally' The ^ceilf are^ 
stacked vertically to provide ^ light source which . 
is three 4amps viide and five lamps high. The top- 
four lahipis are wired in three; vertical sferies; 
strings. As the lamps age\ thercTis a ten den q^. for. 
adjacent coils of the filaments to^shprt together. 
The net result is th^t the Tamps ^ge together* As,/ 
the lamps age, the inner surface of the envelope 
blackens, and thi^ light output is greatly reduced* 
If one l^p fails during operation, the top Your " 

- Jamps iii that vertical series will go out, but ng , 
appreciable effect is noticeable on the bars of 
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/ Figure 7-5.— Cdmparrson of plano-convex lens to ^ 
Fresnel lens. 
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Figure 7*6.*^Characteristics of 1a lenticular lens. 

light formed By the lenses. The bottom cell (tow. ^ 
cell) has its three ^amps connected in parallel. 

The arrangement of the lenses Nvith respect to 
the source lamps and the physical properties of 
thejensesxause the source lamps to appear ,as a 



narroNV bar of light 12 inches across ^le front of 
the ceil assembly. 

The optical charactensti^s of the Fresnel 
lenses will vary appreciably with a change in 
temperature. 

To maintaiit^ design characteristics of the, , 
Fresnel lenses/ lens-heating compartments are 
maintained ai a relativdy constant temperature. 
The Fresnel lenses are each enclosed in a . 
separate compartment with the lenticular lens as 
this front and*optical glass as the back of the 
Simpart^nertt. Hot air is circulated in the com- 
partment under thermost-atic control. . 

A source 'light failure indicator is used to 
•indicate . source light f^lure. The indicator is 
located in the FLOLS rponi. In tKe event of an , 
open lamp filament,^ a loss of current, to a 
^sensing circuit causes 'the failure indication lamp 
to Ught. ' ' . ' 

REMOTE CONTROL PANELS ' 

Two rpmote^ control panels are included m the^ 
Fresnel system, because the- operation ..of the'' 
two panels is identical with the exception of tlje 
low cell ."steady/flash"- mode Witch and the 
interiock .block for the remote y)anel selector 
switch located^n remote controlvpanel 2,. only, 

' the Operation of remote control panel 1 located 
in pri fly , is discussed.^ (See fig. 7-1 .) 
V When remote control. p^l 1 .is in use, the 

^ rfemote panel selector switch is in position , 1. 

* The ' datum, cut, and ^ wavebff lights clutch, 
source light dutch, and low cell clutch (all slip^' 

' clutches) are* mechanically engaged. When the 
' circuit breakers^in the power paHel assembly aire 
' closed, current^is applied through' fuses to the 

panel illuminatign transformer,''datum, cut, and 
. waveoff brightness synchro, low cell brightness 

^ndiro, an4 the source' light brightness synchro. 

The cell temp, unit ONj^-^oWce light, waveojFf^. 

Ught, cUtKdit and datum light indicators bri the. 

remote cW&ol panel will light only if the 

corresponding switches are-actuated. The cell 

telnjpr.indioator-Yi^l light only after the celbln. 

the indicator as"^bly have reached the proper 

operating temperature: * ' 
TTTe^ light intensi'tj^ dial indicators on the 

fen^ole cor^trol panel are calibrated dials (vhich 

are^connedted to the rotor shaft the datum, 

* cut, and waveoff brightness synchro, low cell * 
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brightness synchro, and source light brigbtness 
synchro, respectively* The datum, cut, ^and 
waveoff intensity ' dial, loy/ cell intensity dial, 
and the source light intensitjr^on the LSO panel 
and remote control panel 2 track the movement 
of the datum, cut, and waveoff brightness 
control, low cell .brightness control, and source"^ 
light brightness control of remote control panel 

When the unit ON pushbutton on remote 
control 'panel l is.pn^ssed and released, a relay in 
the power.panel assembly is energized. A'curren't 
th is completed, to light the unit ON indicator, 
ontacts in the power panel assembly cjose, and, 
current is applied to other circuits in the Fresnel 
system. Witli these contacts energized, .the stabil- 
ization circuits, begin to o'perate, and ihe source 
lights, datum lights, waveoff lights, 'and cut 
lights can be operated. The waveoff light ON 
push switch and, cut light ON push switch are 
momentary^ switches. When the source light ON 
push switch and, the datum light ON push switch 
are set to position ON and released, latch relays, 
are energized. The waveoff light ON. push switch 
and the cut light ON. switch musljirbe held in 
position QN to keep the waveoff and the cut 
* light relays' energized. 

Control of the- Fresnel system may be 
switched to remote control panel i by setting 
the remote panel selector^ switch on remote 
control ' panel 1 to positioji 2. This permits 
remote control panel 2 to Be used for all .the 
functions "described above 'except for remote^ 
control 'panel selection. TTiis can Obe performed 
at remote, control panel 2 by removijig the 
interlock block. Another function of -emote 
control panel 2 is to switch the low cell n ode of 
-Operation to either steady or flash. 

When remote control p^nel 1 is in pos 



the roll angle lever switch anjl the basi 

v. • -^-.s if^tv^^ ^Li.t'i" i 



tion 1,^ 

^ . -^ bangle, 

control are'ener]pzecl. When this' lever sv^itch is 
held in position INCREASE ahd "Push to Set 
R/A" is pressed, the roll drive mplor is operated 
and produces a tdrqlie Ivfiich increases the. roll 
angle readings, soon a5 the roll angle 'dial' 
reaches the required setting, ^the^ lever switch is 
releas^d^ A spring je.tyms the §witch to position 
OFF, and th^ roll drive motor is s^tppped. There 
is a sttiall amount of gvef shoot which can be 
anticipated witli a littfe practice^ Holding the 
lever switch jn position- DECREASE reverses thfe 
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roll drive motor dircction^. The roll angle dial is 
calibrated from 0 units/{Q 1 5 units. 'When the 
dial reads 7 1/2 units,^fh&, indicator assembly is 
perfectly vertical; T^e dials in both remote 
control panel 2 and the LSO panel track the d|aly 
of reniote control panel 1, giving remote read^ 
ings. > • . . / ' ^ 
All changes to the basic angle ane made; from 
the remote control panel in operation and "the 
dial at the LSO panel and the other remote 
control panel track the dial u\ operation. 

H/R REMOTE CONTROL PANEL 



Even though this is a separate contra! panel* 
from the* remote control panels previously men*-- 
tioned, it is located alongside rempfe control 
panel 1 and remote control pa^iei 2, and f6r all 
general purpt)ses »it is' a part of that "statioiv. 
Because the operation of the two ,H/R remote 
control panels is identical, only tii^:;(!j^eration of 
H/R remote control panel 1 .is. discussed. H/R 
remote -control panel 1 is in use when the 
repjote panel selector'Switch on remote control 
paneLl is Imposition 1.. 

AlRaircraft hav^^ a spedjfic hook-fo^ye value 
(H/E).\Thisis the -i^ertical 'distance from the path 
of thejpilors line, of sight to' the p^th of tlje 
tailhoolc.^ (See fig. 7r2.)Tp comiJeiKate for this 
H/E faltor, the H/R remote, control panels are * 
used to^'^gdica'te clearance of tailhooks from the • 
dft end (iafftp»)<jf the carrier. 

LSO PANEL 1; ^ \ ^ 

• The Ls6 panel supplies a visual indication of^' ^ 
System status to the landing ^signal '^Officer.^ , ^ 

'Operation of the wave.off lightsljid the c^t lighjts' ^ 
and control, of the brightness df![sburce, datum,/.^ 
waveoff, Ipw cell, and cut lights tdjji. hd' per- j 
formedj^from the LSO panel./The indicators oh^ 

; the LSp panel indicate Ihe positions of thCi 
corresponding controls and switches on the 
remote control panel which is in use^. , . / » 

'When the; unit ON jpushbuttoji on the rembp 
control panel in use is. pressed and-releasj^d, the 
circuit is completed to the unit ON in^icatpr., . 
When the lens temperature in the, indicator 
assembly at the deck edge reaches a preset IkSiel, 
a set of contacts closes and provides a current 
path which lights , the system GO on the^ LSQ^ 
panel. . " ' / 
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. When the waveoff light momentary switch on 
the remote control p^el in u$e, the pushbutton 
on the LSO panel, .or the hand held pickle 
switch is pressed and held, a relay in the pow^r 
panel, assembly is eher^zed, a. set of contacts, 
closes, the waveoff light ON indicator on the 
LSO panel lights,. and the wayegff lights flash. 
When the cut light mpi^entary switch on the 
remote control panel in pse, the push button, on 
the LSO paneL or on. the hand' held pickle 
switch is. pressed and^held, the cut Kght ON 

^indicator on the LSO, panel and the cut lights 

' .come on. (See fig. 7-7.9 



WAVEOFF 

- LIGHUWjTeSC^t^CUT LIBHT SWITCH 



PICKLE SWITCH 




Figures 7-7.-Pickte switch. 
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POWER PANfeL ASSEMBLY 

The power panel assembly (fig. 7-1) is located 
below the flight'deck in a compartment in the 
vicinity of the deck edge unit.!Jt is cpmmonly 
referred to as. the FLOLS* room.^Tfhe power. 



panel cbn)es under Ihe co^izance^of the *IC 
electricians in the Y-2.divisiofti 

The A 100 power panel assembly is the central 
power and signal distribution station for the 
Fresnel system. It contains the circuit breaker 
^d fuse .'assemblies fpxall the compon^fe; the 
light control assemblies for soUrge^ datum, cut, 
and waveoff ' lights, the contrms that cause, the 
waveoff lights to' flash, the^computer assentbly 
for .point , stabilization;, the dimmer synchro 
assembly, and the hook tg ramp monitor as- 
sembly. The A500 power panel contains the 
necessary electronics and computors for line ^ 
oppation. 

MANUALLV OPERATED VISUAL ' ; 
LAIVPING AID (MOVLAS) 

The manually operated visual landing 
system (MOVLAS) is an emergency signjfling 
system intended to be used when the primary 
optical lahding system is rendered ineffective. As 
a substitute for the Fjesnel leiis optical landing 
system, it provides two basic visual, displays. 

The first of these displays is the source light 
image or "meatball" seen by the pilot when 
makingr.an approach with the lens system. The 
second display, "datum," consists of reference 
lights, cut li^ts, and waveoff lights. 

The meatball display is provided by three 
principal items of equipment— the light box 
visu^ display unit, a power control box, and the 
LSO controller, which controls the movement of 
the meatball picture nip and down the face of 
the light box.' 

'.The datum' display is provided by fourprinci- 
p^ items of equipment— two datum box visual 
. display units, a datum control bo^c, and a 
transformer box. . ' ' ' 

The equipment is designed so that the meat- 
ball display element^ (light box assembly) may 
be used in conjunction with an existing lens 
unit, or the entu-e system may be used com- 
pletely independent of Fresnel lens at eitl^er the 
port or starboard installation fixtures. Figure 7-8 
illustrates an independent manually operated 
visual landing aid system' (port installation). 
• NOTE: MANUALLY OPERATED VISUAL 
LANDING AID SERVICE CHANGE #9 (appli* 
fcable to MOVLAS Mark 1 Mod 1 shipboard 
system) provides tl\e technical information to 
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' * ' ,AB.238 
Figure T^-^M^nually operated yisual landing aid system (port installation). ^ ' 



* accomplish the addition of .a start)oard installa- is positioned by the landing sf^al officer. Power 

tion. The reason for this change is to increase ^ to operate the system is regulated iJy the power 

the operating effectiveness of the MOVLA§ by * control box. The selection for use of the port or 

adding the starboard installation, thus providing sibd MOVLAS installation Is accomplished by 

PORT or STBD operating capabilities. * the dual connector box, * iwhich. is bulkhead 

The system, contains the light box, LSO mounted at the landing signal officer contjol 

controller, datum- box assemblies, and^po'wer area. ^ ' ^ , ' 

control boxes, together with adequate mounting ' NOTE. It is mandatory that the location o*f 

facilities. The principal unit of the system is the this box* be in an area that is readily viewed by 

light box. The light box is designed to pfeseVit thp LSO and accessible to the installation crews, 

landing glide slope information to the pilot pf an There are two MQVLAS systeips-the Mark 1 

approaching aircraft in the same visual form • Mod 2, 'designed for shipboard use, and the Mark 

presented by the FLO LS' unit. The second unit 2lClod 1, designed for land-based operation, 

of the system is the LSO controller^ psed to, . \^en the system is needed, it takes only a 

adjust the' presentation of the light box. The few minutes to install the compoftents and have 

LSO controller functions when a control handle it in operation. Mounting and power receptacles 
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should be previously Installed. A good feature of 
the system is its* light weight. ITie two compo- 
nents ^hathavp tOrbe handled and^installed when 
the primary optical landing system fails is the 

' light box, which^* weighs only 46 pounds, and 
the LSO controller which wei^s 25 pounds. 
^ The light box can be mounted in front of the 
indicator assembly of the Fresnel lens system, 

ifiirectJy into a receptacle provided. The light 
box is shown in figure 7-9. * " / 

/The front of4he light box contains a pan* of 
perforated doors which may' be latched in either 
a closed *'positioa in front or an. open position 
againk the sides of the box. When the doors' are 
closed, tl\e Hght ofttput from the unit is reduced 
to approximately 3.5 percent of the light inten- 
sity^ obtained with the doors open. This effec- 
tively doubles the range of light intensity con- 
trol available from the 'power control box. A 
large adjustable range is necessary for* satisfac- 
tory performance over the extremes of night and 
day operations. The front plate of the Hght^box 
contains 23 lamps, indiyidually mounted in 
position by separate retaining rings. Electrical 
power and control are supplied to the Hght box* 
through a multiple pin type connector, located 
at the rear' of the unit. The light box .may be 
quickly disconnected, dismounted, and stowed 
to permit normal lan'din^ operations. ^ 

The LSO controller consists of an alummum 
casting, housing a series of 23 switches cam 
operated throughjndividual actuators, a support 
tube, and a control handle.. It installs'inta the 
deck at the LSO platform (shipboard) by insert- * 
ing the mounting tube into a receptacle which* 
has been welded, into the deck.«A series of holes 
in the support tube allows the unit to be pinned 
at various heights to suit* the operator. The unit 
is free to rotate through 360*^ in the deck fitting, 
allowing the LSO to move about ^hile holding 
the control handle. The con trolJiandle itself has 
25^ of vertical travel in controlling the full range 

. of light positipns on the light box. Thisjiandle is 
terminated in an adapter which attaches to th^c^^^ 
pickle switch. ' , ' 

, The LSO controller is designed to be renioved^ 
and stowed when not in use. The electrically 
connections to the unit are made by means of a 
multiple pin type connector located on the , 
bottom .of the housing. A second. connector is 
also located on the connector plate of the unit. - 
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Fjgure 7'9.-Light box. 

This connector provides an alternate path for 
the pickle *switch whing. This wiring is for use 
with the portable datum light unit. This is a 
complete unit in itself and* is not dependent on 
the lights supplied with the Fresnel lens unit. 

A switch is located on the connector plate to 
allow the LSO to change the mode of operation. 
This switch, when thrown, shuts off pt5wer to 
the bottom three lights on the light box. This 
means that .when the LSO has the handle all the 
way. down\ there will be no light indication to 
the -pilot Approaching. It also means that when 
the LSO loaves the unit unattended and the 
handle at the bottom, there is no chance of an 
erroneous presentation being presented to a 
pilot approaching an unattended unit. (See' fig. 
'7-10.) • . • - ' 
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Figure 7-10.-LSO controller. 
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A ball and detent arrangement is provided on 
the contrdller handle so that the LSO can 
readily identify the ROGER MEATBALL ppsi- 
tion. A thumbscrew adjustment on the ball 
allows the LSO to'^t the feel' of the control 
handlesls desiced. , ' ^ 

POWER CONTROL BOX 

The power contrcll box is normally mounted 
on a bullchead in the^lens control room. The 
front cover serves as the mounting for the. light 
intensity control adjustment dial, two yoked 
circuit breakers, and a power indicator light. The 
front coveris a door, "hinged to allow easy access 
to internal components. (See fig. 7-11.) This is 
th^e unit that supplies controlled power to the 
LSO controller and the light box'. 
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FUNCTIONAL OPERATION , 

' The visual' display element of the system is ' 
the light box, containing 23 lamps arranged in 
two rows. The light box is mounted directly in 
front- of the Fresnel lens face, and substitutes for 
a normal **meatbair' presentation. -The li^ht box 
replaces the lens unit of the Fresnel lens optical 
• landing system. ' ^ ^ ' ^ 

In operation, only three adjacent lamps in the 
light box are normally turned on at any one 
time.' Individual lamps cannot be distinguished 
in the light box at a distance jof TOO on; mpr^ 
feet; therefore, the pilot sees a single ball of- 
light. Each lamp is lighted by a separate, 
cam-operated switch in the LSO controller. The 
existing datum, waveof/, arid cut lights continue 
. to be used. for the system as they were fbr the 
^Fresnel system. 

The pilot continues to fly the "meatball." 
The difference .is that the position of the 
meatball with relation to the datum lights is. 
controlled directly by the LSO. If the approach-* 
ing aircraft js high, the LSO must give the pilot 
the indication by manually moving the control- 
ler lever up. As soon as the pilot corrects this 
high' altitudes and the LSO thinks the pilot is on 
a proper glide slope, he then gives a ROGER 
indication by moving the controller lever down 
to the . midpoint position, lining the lights ' 
(meatball) with the datum lights and therefore 
giving the approaching pilot a ROGER indica- 
tion. « - ♦ ^ 

In actual practjjai, a slight overlap of switch 
positions exists, so that a fourth lamp is turned 
on ^ for a small period of time before ^e 
corresponding lamp at tfie other end* of the 
cjuster is shut off. The results of a typical 
switching sequence is shown in figure 7^9. 

The ibottom lanfps in the light box are red to 
quickl>^ alert the pilot of a dangerously low 
approach. ^ 

Operafion of the circuit breaker switch on the 
power conj^ol box provides ship's power to the 
preheat, transformer and the intensity, control.. 
The preheat transformer is always supplying 
some voltage to all^of the lamps. TTie voltage is 
not enough to visibly light the l^ps but it does 
keep the lamps warm. Then, as the LSO movQS 
the controller lever, the lamps (by being warm), 
light immediately. ' 
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Figure 7-11.-Power control box. 



The arms of the switches^ are connected 
through the povver control box to the individual 
lamps in the light box. The position of the 
control handle determines which lamps have full 
voltage applied to them. Therefore, under the 
conditions described above, every lamp in the 
light bo;c has power applied to it continuously; 
either preheat voltage, or full lamp voltage. 
Normally, three lamps- have full lamp voUVge 
and the remaining 20, are in the preheat condi- 
tion. » ^ 

The equipment includes provisions for contin- 
♦ uously adjusting the Intensity of the presenta- 
tion a.t the power control box. A switch on the 
connector plate of the LSO controller allows the 
LSO to change the mode of olperation.-When the 
switch is in one-position, the system operates as 
described abpve. When the ^switch position is 
reversed, the three bottom lamps on, the light 
box are removed from the circuit. When thes^_>this unit may allow it to come out of the mount 



bottom lamps are removed from the circuit,.and 
when the LSO controller handle is moved to its 
extreme down position/ the meatball appears to 
move towitrd'the bottom of the light box and 
then • disappear completely* The described 
change in the mode of* operation results in the 
pilot apparently seeing, the meatball go off the 
.bottom of the lens. The change in. the mode of 
operation may also be used by. the LSO to leave 
the system unattended and be assured that no 
erroneous presentation is. being presented t€5 an 
approachihg aircraft by the light box. A detent 
positicJn is reached just before the control 
handle moves into this***off the *botlom''' posi- 
tion, jvaming the LSO that he is about to 
present this condition. . 

, SETUP INSTRUCTIONS 

Under normal operating conditions, the light 
box and the LSO con tf oiler will be stowed in 
the lens control .room. To use the manually 
operated visual landing aid, it is only necessary 
to mount ^d connect the power cables to the 
units after ascertaining which installation is to 
be used (port or starboard). 

*If it is to be used in front of the Fresnel len^* 
system, mouqt the unit according to the follow- 
ing steps: 

1. Remove "the light box from its stowed 
location and mount it immediately in front of 
the Fresnei lens by inserting the end of the 
support tube iotq the deck receptacle. 

.2. Check that"the light box has seated all th^ 
way into the deck mounting receptacle, and that 
*the slotted end of the support tube has located 
,the debk receptacle pin so that the light box will 
not rotate. 

3. .Remove the connector c^ from the 
connectors on the rear 'of the flight , box and 
connect the power oable to the light bok. 

^ For daylight .operations, the doors on the* 
light bole are latched in the open position. 

5. If the lighf box is mounted ii^ont of the 
Fresnel §ystem, its height (vill be^^ectSo that 
the^datum arms of the Fresnel system are at the 
center of the light box. 

6. Install the tiedown cable on the rear of the 
light box. - \^ 

WARNING: Failure to secure a tiedown to 
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during operations with resulting loss, damage, 
and/or possible injury to personnel. 

If the MOVLAS is to be used as an independ- 
Wt unit, mount the unit, ^according to the 
following steps at either the port or starboard 
.installation:* 

1. Remove the liglit bcfx from its stowed 
location and install it in the base assembly. The 
light box must be secured by use. of the tiedown^ 
eyebolts on the rear of the light box. 

2- Install the datum boxes on the support 
tubes in the bas? assembly. 

* 3 Secure the datum boxes' with the four 
auxiliary tiedown cables to the 'flight deck 
padeyes (two fwd, two aft). 

4. Secure the forward eyebolt on the base 
assembly to a forward padeye, and the aft base 
eyebolt to an aft flight de.ck padeye. (Starboard 
installation "only, see fig/ 7-1 2.) 

5. Remove the conneator caps from the * 
connectors on the rear ^ the light box and 
datum boxes and connect ^the appropriate power 
cables. ; . 

6. For daylight operations, tlie»doors on the 
light box are latched in the open position. 

Tq mount tl^ LSO controller, the following 
steps are followea: 

1. Remove 'the LSO controller from Its 
stowed location and 'mount it in the LSO area 
by inserting the end of the support tube into the 
deck receptacle. 

* 2. Adjust the unit to the proper height by 
inserting the adjustment pin in the appropriate 
holes of the supporting tube. 

3: Remove- the connector caps and connect 
the power cable to the controller. - 

'4.; Mount the LSO's pickle switch on the LSO 
controller handle adapter. Slip the notch in the c 
finger guard over the .adapter and insert the 
retainer pin. 

The system requires no warm^p time, and 
may be checked and operated immediately after 
turning on the power. ^ 

WARNING: Before operating this system, 
verify that th6 source lights for the Fresnel lens 
system have been turned OFF. Failure to do this 

• may result in the presentation of conflicting 
double image glide slope information, resulting 
in aircraft damage or the los^ of a pilot's life. 

Turn the system on by throwing the circuit 
breaker switch oi^^ the power control box to ON. 
Check that the power light illuminates. 
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Adjust^th^ light intensity control knob on the 
power control panel as 'instructed by the LSO to 
obtain the desired brightness seating. It may be 
n^essary to open or close the perforated doors- 
on the light box to obtain a satisfactory setting. 

At the LSO platform, slowly move the con- 
trol lever on the LSO controller over its ex- 
tremes of travel while pbservifig the light boj;. 

Move the control lever to the center or detent 
position and verify that the meatball lines up 
with the datum arms. Move the contjol lever 
through the bottom detent position and verify 
that the mode is as desired. Adjust the control 
lever handle friction seating a's desired. 

To secure th6" "'system,' throw the circuit 
breaker, switch on the power control box to the 
OFF position. If shutdown is other than mo- 
mentary, close and latch the doors to prevent 
damage to the lights in the light box. If the 
system is to be stowed, reverse, the steps for 
setting up the unit. . 

PILOT LANDING AID TELEVISION 
(PLAT) SYSTEM 

Experience with a -'new closed-circuit televi- 
sion system has shown that video tape recording 
can be effectively employed to increase the 
safety of aircraft land^g and improve both-pilot 
and landing control personnel proficiency. The 
Pilot Landing Ai3 Television (PLAT) is a com- 
pletely inteVated system of electronic picture 
and sound recording designed to monitor and 
simultaneously record aircraft landing opera- ' 
tions from approach throu^ final touchdown, 
under day and night conditions, and to im- 
mediately play back the recording for post-flight 
analysis and evaluation. 

The^PLAT system, introduced as a landing aid 
Xo pilots during carrier operations, consists of 
four television cameras with associated power 
supplies, monitoring,, control synchronization, 
and distribution equipment^ 'and, a standard 
video tape television tape recorder. (See fig. 
7-13.) 

Two unmanned centerline cameras (one regur, 
lar, one emergency), stabilized to the ship's 
optical landing system, pick up -and follow 
aircraft, through approach and landing. Aircraft 
attitude and glide slope are displayed on picture 
monitors in combination with the output pf a 
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Figure 7-1Z-lndepehdentM0VLAS (starboard installation). 



special ^effects camera focused, on a data board 
carrying time, da^e, wind vgjpcity, and aircraft 
landing speed.. After toucS^down and.. during 
recovery, the aircraft 'is monitored by a fourth 
(manned) camera on the ship's island structure 
as it passes over the centexline cameras and the 
information is again displayed with the" output 
of the data board camera/ The entire operation 
fs recorded on video tape at the same, time it is 
monitored by the television cameras.^ 



.Prior to the introduction of PLAT, canjer 
landings and takeoffs were recorded on l^mm ' 
film. Processing of the film took a minimum of , 
3 hours. Jhe time lag between recording and 
presentation was an obvious drawback since the 
film could not be used for immediate debriefing ' 
of pilots. Jn addition, no permanent visual 
record of approach speed and other .data board*, 
informadon was available. WttA the development 
of the PLAT system, limitations of the standard 
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Figure 7-13. -RLAT system, generalWangementT 
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gun camera were overcome. Video tope record- ^ 
•mgs < of landings, complete with minute-j^ 
minute visuals of numerical data and audio ^ 
recordings of conversation between pilot and t 
x:arrier landing personnel, could be playe^-^back \ 
within minutes»^of fhe actual operation. . ; I 
Landing a jet with a touchdown speed oftoV^r J 
130 knots on a patching deck is a demaiidinj^- ^ 
task for the pilots despite the improved ^ngjed 
decks and optical landing system of raoderh 
carriers. Installation of the PLAT system on 
earners has .resulted ,in fewer incorrect ap- 
proaches, quicker assiiiiilation of landing tech- 
niques by pilots, and provided indisputable 
accident mvpstigation evidence. PLAT's value in 



A small caniera is permanently focused on the 
data board in the control room to record date, 
time, wind velocity, aircraft approach speed, and 
waveoff signal. This caipera output is displayed 
simultaneously \vith the output of eitner the 
centerline cameras or the island camera. 

A manned camera, located on the island 
structure approximately 40 fddt above the flight 
deck, picks up the aircraft as it passes over the 
centerline cameras, "zooms iil" for a closeup,* 
and follows the arresting wire back to its battery 
position to determine which pf the foifr, wires 
was engaged. If the aircrafr bolters, th^ camera- 
-man fallows it as it departs the ship. The island 
camera is also used to pick up launches, provid- 
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the possible, saving of pilot's lives cannot be^^^ ing the ship's combatjftformation center with 
estimated in* monetary terms. It4s demonstrably "utfmediate takeoff information and permitting 
-evident, however, .that the^ cost of ''the. PLAT all ready rooms to keep direct contact with deck^ 
system is minor to replacement of even one Operations. , . » * 

aircraft.' • , , - ' |>TKe video tape recorder, located in the PJ-AT 

u ^ ;;cphtrol room, records olte video signal and two 

/^^audip signals on a standard 90-minute reel of 
' • ^ ' video tape 2 inches wide. As the tape requires no 

processing, the recording can be played back 
immediately. Later it can be erased, and the tape 
used a^ain to capture the next landing opera- 
tion. One of the two audio channels records 
conversation between landing operation person- 
nel and the pilot. The second is a "cue** track 
which can be used for additional commentary 
during pilots' debriefing or for accident analysis. 

An integrate^d system of picture momtors (TV 
sets) keeps carrier cqntrol and information 
centers. in constant toUcfi with each 3tep of 
landing or. takeoff. A monitor in the combat 
information center, for example, lets below dtck 
technicians actually see aircraft approacl^is well 
as '^read it on a conventional radar ^preen. 
lading operatioh, persoife^ cross-chec^ the 
'^physical" landing with "the monitor picture 
while movement of the afrfested aircraft to 
forw^d areas can alsq be plotted from the sj^ne 
sdreen. R^dyfoom nibnitors alldw^ pelsoiqiel 
noi involved in the of^eration lo evaluate a 
pilot's general . performance or reaction to 
specific emergencies. 



Essentially, PLAT is four television cameras in 
different locations aboard an aircraft carrier, 
connected tp a, closed circuit television system 
incorporating, a video tape installation to record 
and play back landing information. \ 

Two unmanned cameras, each fitted with a 
relay lens, and minor assembly, are mounted on 
vertical rails approximately 50 feet apart undpr 
the flight deck (landing area) centeriine. Adjust- 
able crosshairs with variable illumination are 
positioned in the center of the relay lens 
Mirrors on top of each relay lens look through 
wmdows mounted in the flight deck", and are 
stabilized with signals generated by the Fresnel 
Lens Optical Landing System,. 

A honzontaftrosshair, boresighted ^ong the 
gUde slope, identifies the "on course" glidepath. 
A vertical crosshair is alined to cTpincide with the 
centeriine of toe^angled deck. As the pilot sights 
the optical landing system and follows it down, 
the iaircraft is picked if{) by the centerline 
cameras. The aircraft's lineup with the crosshairs 
displayed on the ship's monitor screens coin- 
ades with the pilot's optical landing system 
alinement. ' n / 



After a mission is comple|ed, pilots anci 
landing operation personnel can watch a itiinute- 
by-minute playback of the entire[ landing opera- 
tion. Errors in judgment or procedure l^an be 
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pointed out while the operation is still fresh. 
Details impossible to ipmember are re-created in 
their entirety on tape to lend Authoritative 
reference to the hasty and often cryptic notes 
made during the operation. Later the same tape 



can be used to help train juew pilots long t)efore 
their first carrier landing is ever attempted 
These tapes can also beNinvaluable for training 
• new personnel who hav^ never seen aircraft 
making actual carrier arrestments. 



CHAPTER 8 

SPECIAL TESTS AND TEST PROCEDURES 



TESTING HYDRAULIC FLUID 



Catapult hydraulic fluid is a water-base 
synthetic fluid. The fluid is 50 percent water, 
" which provides its fire resistance. The remaining 
50 percent is majle ,up of a water soluble 
polymer which increases the viscosity of the 
water^ a freezing point depressant, and selected 
additives that provide lubrication anfl protect 
againsf corrosion. 

With use, the water-base fl^iid lo?es water and 
otI>er volatile inhibitors. Water losses, which are 
the niost pronounced, ate indicated by an 
increase in fluid viscosity. Loss of inhibitors is 
indicated by a change in the pjH number of flie 
fluid. (External contamination also causes a 
-change in the pH number.) Normal values for 
;tJie viscosity and pH number* of unused fluid 
' are:* viscosity (fluid temperature J 00"* F) 190 to 
210 Say bolt seconds; pH number 8.8 to 9.2. ■ 

The fluid is nontoxic and no special handling 
procedures are necessary. Leakage or spillage can 
be cleaned up easily with a wet cloth, or flushed 
. down the drain with water. If theVcatapuU 
' hydraulic fluid or any part of it is remoyed from 
the catapult for any reason, it must be placed in 
clean containers and filtered with a fine metal 
screen before being returned to the system. 

NOTE. Do not use a galvanized screen, 
* fuller's. earth, or similar earth type filter. 

All activitie3 operating steam catapults are 
required to nave the hydraulic fluid of each 
catapult analyzed in accordance with the appli- 
cable \iRC*s and during shipyard overhaul to 
determine if the viscosity and pH number are 
within safe operating limits and to insure that 
residual oil is •within the tolerable limit, if water 
was added as a result of the viscosity analysis, 
the viscosity should again be checked to insure 
that the proper amount of water was added. 

NOTE. Added water must be thoroughly 
mixed into the system prior to making the final 
check. 



For catapult hydraulic fluid analysis, a 1- 
quart sample is removed from each gravity, tank 
IMMEDIATELY after launching operations and 
placed in a clean plastic bottle. The identified 
samples are sent to the materials laboratory at 
the nearest shipyard, naval air station, naval 
operating base, or naval air rework facility for 
determination of: 

1. Viscosity in Saybolt Seconds at lOO"" F. 

2. pH number. I^r 
, 3. Percentage residual oil present by volume.^ 



SHIPBOARD TESTING OF , , 
HYDRAULIC FLUID 

During an extended cruise, or when condi- 
tions are such that the facilities of an industrial 
test laboratory cannot be used, analysis may be 
made -on shipboard by the use of Saybolt 
Viscometejs. "(These are available in the ship's 
. engineering dej)artment on all carriers.) 



\%cosity 

When using the Saybolt Viscometer (fig. 8-1 ), 
viscosity is detennined by noting the amount" of 
lime required, fof a known amount of fluid, at a 
known temperature and head (initial height), to 
flow through an orifice of a known 'cross- 
sectional area> 

'To test the viscosity of the hydraulic fluid, 
proceed as follows: 

1. Place the stopper (10, fig. 8-1) in the 
bottom of the Saybolt Viscometer so that it will 
trap air in the small chamber beneath the orifice 
when the fluid sample is poured into the well 
(9). This will prevent the flow of oil through the 
outlet tube until the stopper is removed at the 
beginning of the test. Be sure the stopper is not 
inserted far enough to touch' the orifice. JPlace 
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Orawoff pipette * 
Well deaner. 
Timer. 

Immersion heater ON-OFF. switch. 
Thermometer. 
Neon bulb. 

Immersion heater power cord. 

8, Immersion heater. 

9. Well. 

10. Stopper.- ' ' 

11. Flask. 

1Z Thermometer and guard. 
11 Strainer. 



1. 

Z 

a 

4. 
5. 
6. 
7. 



Figure 8-,1.-Saybolt Viscometer. 
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the instrument' as lovel as the motion of the ship 
will permit. * 

2. Plug in the power cord (7) and turn on the 
switch (4) to start the electrical immersion 
heaters (8). -The heaters will go on and off 
automatically to maintain temperature. The 
neon bulb (6) at the fop of the viscometer is 
used to indicate this cycling; • 

.3. Pour a volume of the fluid sample through 
a strainer (13) into the well of the -viscometer. 
Insert a bath thermometer (12) into the vis- 
cometer to test the temperature of the bath 
surrounding the hydraulic fluid. Allow the 



sample to remain in the viscometer well until it 
attains a temperature of 100° F. Turn the well [ 
or table to agitate the fluid and maintain an even * 
temperature. 

4. Using the drawoff pipgtte (1), carefully 
.remove fluid from the enlarged area (gallery) \ 

around the top of the well until the well is \ 
exactly full. This will prqvide the correct head f 
and volume to l?egin the test. 

5. Place" a flask (If) beneath the proper 
orifice. Prepare to start the tim^r (3) ancl remove 
the stopper (10>siraultaneously. 

6. ^ Note the tempqrature on the thermometer 
(5). When fluid and -bath temperature have been' 

, held at 100°*F for 1 minute, remqve the stopper 
and start th? time at. the same instant.^ ' v 

7. Whei} fluid hai Vuied the flask to the 
height of the etcljed mark'near the tpp, stop the 
timer and rfote the, exact elapsed time. Allow the ' 
remainder of *the fluid to flow through into the^ 
ftask. (The timer readjng^ is in Saybolt Seconds 
Universal (SSU), and a normal reading is 190 to 
210^SSU.J ^ 

•8. At t|ae completion of the test, clean the 
3aybolt Viscomejter thoroughly and car.efuUy by 
first removing the orifice from the bottom *of . 
^ the jvell (using the special T-wrench provided) 
and then cleaning the well with^ the special well 
cleaner X2). (To prevent scarring 'the sides; use 
only the cleaner provided.) 

When the visG;6sity becomes 235 Saybolt ' 
Seconds or greater, ^add distilled or de-ionized . 
(boiler' feed) .water in accord'ance with 'the * 
WATER ADD CHART. (See table 8-1..) Water of 
" potable quality frpm the ship's distilling plants is . 
acceptable. Viscosity less than 1^0 SSU indi- 
cates either excessive water addition or water 
leakage into the system. If the latter condition 
exists, the cause should , be determined and 
repaired. If analysis reveals the viscosity to be as 
low as IjZO SSU, immediate steps must be taken 
to discard and replace the fluid. 

CAUTION: Do^not use tap water from shore 
installations to reduce the viscosity number; 
such water is not sufficiently pure .for fhis 
purpose. * 



^198 



ERlCv 



diapter 8-SPECIAL TESTS AND TEST PROCEDURES 



Table 8-1.-Water add chart 



Saybolt seconds 
universal at 



Gallons to be added 
per lOQ gal of catapult 
hydraulic fluid 



235 
,•240 
245 . 
250 . 
255 
260 
265 • 



4.5 
5^2 
5.9 
6.6 
7.3 
8.0 
8.7 



•pH Number « 

If a fluid sample test shows a pH number less 
than 8.8 or greater than 9.2, the Naval Air 
Engineering Center (Ship Installation) must be 
notified immediately by message, with a copy' to 
the cogri izanl Type Commander. In addition to 
the message notification, a 1 -quart sample must 
be forwarded to NAEC (SI). The fluid sample 
must be clearly identified, and the information 
shown m figure 8-2 must accompany the sample. 
No corrective action is to^ be taken if the pH 
number is outside the Hmits unless spe6iried by 
NAEC after laboratory analysis of the sample. 

RESIDUAL OIL 

To -make a residual oil test, poUr some of the 
fluid sample into a transparent graduated cylin- 
der, or any convenient straight-sided clear re- 
ceptacle. Allow the sarnple to stand in the 
receptacle for a minimum of 8 hours. Measure 
the height of any oil that appears on top of the 
.fluid. Cojnpute percent by volume. Note oil in 
excessof 1 percent. 

When the residual oil exceeds J percent by 
volume, remove some of the oil as follows: 

.1. Completely fill the gravity tanks with 
fluid. Aljow the fluid to settle for a minimum of 
8' hours to permit residual oil to rise to the 
surface. NOTE. Increasing the length of settling 
time will permit better separation ' of oil and 
fluid. . ^ , . 

2. After the oil has separated, slowly drop 
the level of the fluid in the gravity tanks .to 
wi thin 2 inches of the bottom of the liquid level 
• gage, eitlfer by pumping fluid back into the 



system or into . clean . drums for temporary 
storage. 

3. Drain the fluid and its oil from the gravity 
tanktoto containers by opening the petcock on 
the, bottom of'th^ liquid level gage or by 
removing the gage glass. 

4. Slbwly increase tjie level of the fluid in the 
tanlcsf to permit removal of any oil trapped 
below the exit port. 

. 5. Add sufficient clean fluid^ to the system, to 
make'uji for the fluid drained as above. 

QUANTITATIVE AND 
QUALITATIVE ANALYSIS 

All vessels and activities operating steam 
catapults must submit flutd samples in accord- 
ance with the apphcable MRC's and immediately 
prior" to a ^ipyard overhaul. Each sample must' 
be placed in a clean plastic container, packed hi 
a carton, and sent to E. F. Houghton and Co., 
303 .West Lehigh Ave., Philadelphia, Pa., marked 
Attention: Control Laboratory. The information 
shown in figure 8-2 must accompany each 
• sample. Mark the outsid^ of the shipping carton 
"CATAPULT HYDRAULIC FLUID SAMPLE 
(FIRE RESISTANT)." Da not use a red label. 



NONDESTRUCTIVE TESTING 
OF METALS 

It IS highly important that all metallic parts of 
a catapult or arresting gear machine be free of 
corrosion, cracks, and other, defects that might 
cause failure during operations. Several method^^ 
of nondestructive testing of metallic parts are in 
use" foj detecting flaws that are invisible to the 
naked eye. Vfio of these methodsrthe dye 
, penetrant and magnetic particle -iire. discussed in 
the fallowing paragraphs.' 

DYE PENETRATION INSPECTION 

Dye penetrant inspection is a nondestructive 
test for defects open to the surface in parts 
. made*of any nonporous material. In. addition to 
being Used on all nonmagnetic metals, it may be 
used with equal sucaess on ceramics, plastics, 
molded rubh^er, powHered metal products, or 

Mk t -i 
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CATAPULT- HYDRAULIC FLUID 
^ HISTORY REPORl: * 



s 



Vessel or Unlc 
*• ^ f , 

Catapult ,NUiDber 
r . 
^ Sample ^moved From* 

• Saop^e Number ^ 

Date Sample Removed 

'"^Syatem Capacity , " ' 

k » DatepLast Complete Fluid 
* . Replacement 



> ■ Cl/A 



3/30/7/ 



• W^er Added>'(Gal/Date) 

Fluid^Added^ (Gal/Date) 

TolaLsLaunchiBS Siiice Complete 
Replacement ' * ' 



Reason fot Analysis (ple^e check (x) Qne^^MQg]g^ * 



' Periodic 9 month test 



' D-^ Pre-overhaul test j j „„^c^ uuu Lamination 

2; Mafk outside of shipping container " CATAPULT fiYDRAULIC FLUID SAMPli' (FIRE REs'lSTAlTr) " 
^ Do not Use red label. ^ •* ^ ^ ~ " . f 



pH outside ^iccepfcable limits 
Sea. water 'cont?an)ination 




Figure 8-Z:-qatapult hy^lraullcfluld-hlitory report 
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Dye penetrant ins^pection deiectssuch defects 
as' surface cracks, porosity, and thropgh leate.. 
These defects may' be caused by fatigue^ cracks, 
shrinkage cracks, shrinkage porosity, cold shuts 
(a portion of the surface* of a forging that is 
separated,* in part, from the jnain body of metal 
by oxide or a discontinuityPKat appears CiTLthe 
surface of cast metal as a result of t 
of liquid meeting and failing to uniti 
and heat-treat dacks, ^sekms, forgih^. ,^ . , 
bursts. Also important is lack of bron4' between 
joined metals. / 

The main disadvantage of the dye penetrant 
inspecfiop is that the^ defect miist be open to the 
surface ior the penetrant to get into the defect. 
For this reason, if the part in question is made 
of a magn6ti€ material, use of the magnetic 
particle inspection is generally recommended. 

Success of the dye penetrant inspection de- 
pends upon' a penetrating liquid ^entering' the 
surface opening and remaining in that opening, 
making it clearly visible to the operator. *The 
penetrant used in .tlys process consists of a 
solvent base to which a visible dye has been 
added! This dye penetrant is a brilliant red, 
visible und^gdiifSiy light after the necessary 
processing. ^ / - 

The materials used in the dye penetrant 
inspection are available in Aviation Supply stock 
in the form of a kit. Included in the kit are two 
spray cans of dye penetrant, dye remover- 
emulsifier, and developer. For replenishment 
'purposes, these materials are also available as 
individual items. - 

, Briefly, the stej)s to be taken when perform- 
ing a dye penetrant inspection are: ' 

^ 1. Thoroughly clean the metal surface. 

' 2.^ Apply the penetrant. 

3. Remove excess penetrant with remover- 
emulsifier. , 

4. Dry the pah. 

5. Apply the developer. . • ' 

6. Allow sufficient, time for the developer to 
indicate the penetrant in cracks of -the metal 
surface. 

7. -1nspect and interpret results, t - . 



Types of Processes 



There are two basic processes of penetrant * 
insiiection-the visible ' type penetrant and the * 



fluorescent dye penetrant. However, variations 
of the basic types further divide the processes 
into seven types. The selection of the process to 
be used depepds on the sensitivity required, the 
number of papts to be ifispected^ the surface 
condition of the part, the configuration of^he 
part, the effect of penetrant qhemicals on^'the 
material ^or system being inspected, and the 
availability of water, electricity, compressed air, 
and suitable area for inspection. 
The seven types of processes are discussed in 

; Retail in Chapter 3 of ABE '3 & 2,.NavTra 

] 10302-C. 

. MAGNETIC PARTICLETNSPECTION^ 

Magnetic particle inspection is a rapid non- 
destructive means pf detecting discontinuities in 
parts made of magnetic hiaterials, such as iroji 
and steel. These discontinuities may have been * 
put into the,parrs'or metal during fabrication or; 
processing, or may have been formed by actual / 
use. They may be ^t or near the surface and may 
be shallow or extremely .deep. If the in^p^tion 
process is performed correctly, the usefulness of 
the part will not be effected byjthe inspection 
and all harmful discontinuities, will be tevealed. 
If, however, the principles of 'the method are not 
clearly understood by the operator, and un- 
sound' methods are used, then some discontin- 
uities may ndt be detected and defective parts 
may be accepted which could fail in use, causing • 
loss of equipment and personnel. 
. It is, therefore, vitally important that every 
operator, inspector, and supervisor know the 
princii^les of magnetic particle ^inspection and 
how to apply these principles to specific inspec- 
' tipn prqblems. , 

In rapidly rotating, reciprocating, vibrating, 
vand other highly stressed parts, small defects 
often'' develop' to a point that they caus^ 
complete failure of the part. Magnetic particle 
inspection has proved extremely reliabje for the 
rapid detection pf such defects gn or near'the , 
surface". In using this methd(S^f inspection, the. 
location of the defect is indicated, and the--^ 
approximate size and shape |te outlined. 

The inspection process consists 'of magnetiz- 
ing the pari and then applying- ferromagnetic 
particles^ to the sqrface of the. part. If a ^ 
disc5>minuity, is present', the. magnetic lines of 
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force will be disturbed and 'opposite, poles will; 
exist on either "side of the discontinuity. The 
magnetized particles thus form a pattern in the 
magnetic field befween the opposite poles. This 
pattern, known as an "indication/^ assumes the 
approximate shape of the surface {Projection of 
the discontinuity. 

The ferromagnetic particles (indicating 
mediym) may be hejd in suspension in a: liqi^id 
that is flushed over the . part, the paft may be 
immersed in the liquid, or the particles, in dry 
powder form, may be dusted over the surface of 
the part. 

NOTE: A discontinuity may be defined as an 
• interruption in the normal physfcal structure or 
configuration of a part such as a crack, forging 
lap, seam, inclusion, porosity, and the hke. A. 
discontinuity may or may not affect the useful- 
ness of a part. • " ' ^ 

Development of Indications 

When. a discontinuity in a magnetized material 
; is open to the^^urface and a magnetic substance 
in .the form of an indicating medium is available 
^ on the surface, ^e flux leakage at the discontin-^ 
uity tends to form the indicating medium into a 
path of higher permeability. (Permeability is a 
term used to refer to the ease with which a 
magnetic flux can be established in 'a given 
^magnetic circuit.) Because of magnetism in the 
part^and the adherence of the magnetic particles 
to each other, the indication remains on the 
surface of the part, in the form of an approxi- 
mate outline , of , the discontinuity that is im- 
Oiiediately below it. 

The same action takes place when the discon- 
tinuity is not open to the-surface; birt smce the 
amount of flux leakage is less,, fewer particles are 
held in place and' a fainter and less sharply 
defined indication is obtained. 

If the discontinuity is very far below the 
siirface, there' may be no ilux leakage and - 
therefore no indication on the surface. The flux 
leakage at a transverse discontmuity is shown in 
figure 8-3. The flux leakage at a longitudinal 
discontinuity is shown in fi^re 8-4. 

Types of Discontinuities Disclosed 

The following types of discontinuities are 
normally detected J>y the magnetic particle test: 




Figure 8-a-Flux I .alcage at transverse discontinuity. . 
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Figure 8-4-Flux leakage at lortgltudinal discontinuity. 
^' " 

-Cracks, laps; seams^cold shuts, inclusions, splits, 
tears,* pipes, and voids. ^1 these may affect the 
realiability of parts in service. 

Cracks, splits, burst, tears, seams, voids, arid 
pi'pes are formed by an actual parting or rupture 
of the^soJid metal Cold shuts and laps are folds 
;hat have^been formed in the metal, interrupting 
its continuity. 

Infusions are foreign material formed by 
impurities in the metal during the ni/5tal proces- 
sing stages. They may consist, for example', of 
bits of furnace -lining picked up during the 
melting of (tvb basic metal, or of t)ther foreign 
constituents. Inclusions interrupt jBlecbjitinuity 
of the metal because their presence prevents the 
joining or welding of adjacent. faces of the metal. 

# 

Preparation of Parts for Testing . 

' .All parts must be cleaned of grease, oil, and 
dirt^before they are tested, leaning is important - 
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since^agnetic particles may adhere to any 
grease^ or other foreign jnaterial present and 
thereby produce nonrelevant indications. 

Grease * foreign material in sufficient 
amount over a .discontinuity njay also prevent 
the formation of a pattern at the discoAtinuity. 
[Even if the wet method is used, it is not 
'adyisa^jie to depend upon the magnetic particle 
suspension, to clean the part. Cleaning, .by the 
suspension^ will, not be thorough, and the forei^ 
materials removed from the* part will contami- 
nate the suspension and reduce its effectiveness. 
. In the dry procedure^ thorough cleaning is 
necessary as grease or other foreign material >Yill 
hold the magnetic powder, causing nonrelevant 
indications and making it impossible -to* evenly 
distribute the indicating medium wer the. sur- 
face of the part*. . . 

Air smaU openings and oil holes leading to^ 
obscure passages pr cavities should be plugge.d 
with paraffin or other suitabFe nonabrasive 

Ttrateriai:^" " 7^ 

Primers, paints, ^ enamels, and similar non- 
metallic coatings, well ay- coatings of cad- 
mium, copper, tin, ^d jsinc, dp not interfere 
with the satisfactory performance of magnet^ 
particle inspection, unless the coatings are un- 
usuaHy *heavy, or the. discontinuities ^o^be , 
detected are unusually small.' ' 

Chromium and nickel plating will not general- 
^ ly interfere with the formation of indications of 
CTacks open to the surface of thje ba^e metal^ but 
will prevent the formation of indications'bf iine 
discontinuities, such as inclusions. Because it is 
more strongly. magnetic, nickel-plating is more 
effective than chromium plating in preventing 

^ the formation of indications. ^ 

Magnetization . , ' . • 

EFFECT OF DIRECTION OF FLUX (LINES 
OF F6RCE).-In order to locate a defect in 
part, it is essential that the magnetic lines of 
force pass approximately perpendicular to the 
defect. It is therefore necessary to induce^ 
magnetic flux in more than one (Jijection since 
defects are likely to exist at any angle to the 
major ajis of the part. This' requires two 
separate magnetizing operationjjt^ referred to as 
circular magnetization and Ipngitudinal magneti- 
zation. The effect, of direction of flujc is illu- 
strated. in figure 8-5. 



(A) LbNSlTUDINAL MAGNETIZATION 




ATTRACTION OF PARTICLES AT 
..DEFECTS 



(B). CIRCULAR MAGNETIZATION 




ATTRACTION OF PARTICLES AT 
DEFECTS 
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Figure 8-fe.-Effect of direction of flux pn stren'gth 
of indication. * 

EFFECT 05^ FLUX DENSITY. -The effec- 
tiveness of the magnetic particle inspection also 
depends on ^ the flux density or field strength 
that exists at the surface of the part when the 

" indicafm^^ medium is applied. As the flux 
density in t}\e4)3rt is increased, the sensitivity of 
the test maeased because of the greater flux 
leakages .at discontintiities and the resulting 

' improved^ formation of magnetic particle pat- 
terns. • 

Excessively Ijigh flux densities, however, may 
' form nonrelevant indications; for exampfe, pat-- 
t^ns of 'the grain" flow in the material. These , 
indications will tend . td^ titerfere with the 
detection of patteiins resulting from significaiit 
. discontinuities. It is therefore necessary to use a 
field strength high enough to reveal all possible ^ 
harmful discontinuities, but not strong enough 
to .produce confusing nonrelevant indications. 
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^MAGNETIZING METHQDS.-When a part is 
magnetized, the field- strength in the part in- 
■ creases to, a maximum for the particular mag- ' 
netizing force and remains at this^^maximum as 
long as the magnetizing force is maintained. 

When the magnetizing force is removed, tlie . 
field strength decreases tq a lower residual value, 
depending on the ma^etic properties of the 
material and the shape of the" part> These 
magnetic characteristics determine whether^ the ^ 
continuous or-ifesidual method is used in mag- 
netizing the part. 

In the continuous inspection method, the part 
is magnetized and t^e indicating me.dium applied 
while the magnefizing force is maintained. The 
available flux density in the part thus at a 
maximum. The maximum value of flux depends 
directly upon the magnetizing force and tne 
permeability of the material of which the part is 
made. . ' / 

The continuous, method provides greater sen- 
sitivity than the residual procedure, particularly 
/in locating subsurface. discontinuities, and may 
be used in practically all ^citcular and Jon^- 
tiidinal magnetization procedures. The highly 
cfitical nature of catapult and^^resting ^gear 
parts • and assemblies and the^cessity for 
subsurface inspection in many applications have 
resiflted in the. continuous method being more 
widely used by ABE's. . ~ 

Inasmuch as, the continuous procedure will 
reveal more nonsignificant discontinuities than^ 
the residual procedure, careful and intelligeniP 
interpretation and evaluation of discontinuities, 
revealed by this pr9cedure are necessary. %\ 

The residual ;'mSpection procedure involves 
magnetization of the part and application of the 
indicating "medium after magnetizing force has 
been removed: This procedure relies on the^ 
residual or permanejit magnetism in the part and., 
is more practical then the continuous procedure 
when magnetization is accomplished by flexible 
coils wrapped around the part. 

In general, th^ residual procedure is used only, 
with steels whiqh have been heat treated for 
str'essed applications. v 

IDENTIFICATION OF INDICATIONS. ^The 
correct identification of indications is extremely . 
important, but Ts sometimes difficult to make 
from observation of the appearance of the 
indications alone .The prihqipal distinguishing 
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features of indications are shape, buildup, width, 
and sHarpness of outline. These characteristics, 
in gerietal, are more valuable in distinguishing 
.between types of discontinuities than in de- 
teripining thieir severity. .However, careful obser- 
vation, of the character of the magnetic particle 

• pattern' should always be included in the com- 
plete evaluation of the significance of an indi- 

• cated discontinuity. 

The mfist readily'distinguisHed indications are 
those produced, -by cracks open to the surface. 
These discontinuities include fatigue cracks, 
heat-treat cracks^ shrink cracks in welds and 
castings^ and grinding cracks. 

• FATIGUE CRACKS give sharp, 'dear pat- 
terns, ge^nerally uniform and unbroken through- 
^ out their length and with good buildup. They . 
" are ofteif^^edin appearance as compared with 

• the sjrai^ indications of a seam and may also 
change' direction sli^tly" in localized areas. * 
Figure 8-6 illustrates a fatigue crack In a gear. 

Fatigue cracks are 'found in parts that have 
b^erf ^a^ei^^ice,. but are nev^ found, in new 
partSF jDiey are usually injh^^i^-stress^^ 
of the ^art, ^ WfiefT a stress' concentration- 
exists for some 'reason. It is' important to 
recognizq, that even a small fatigue crack indi- 
cates positively that failure of the mvolved part , 
^ is in progress. 

^ ^ Grinding cracks are fme and sharp, but 
seldom h^ve^ a buildup^ because of their limited 
depth. They vary from single line indications to 
a heavy ne^twork of lines and are generally 
related ta the direction of ^grinding. For ex- 
ample, thAcrack usually begins and continues at 
right angles to the motion of a grinding whetel, 
giving a ranher symmetrical pattern. Indications 
of grindinglcracks can frequently be identified 
by means ofl this relation. 

Indications of ^ seams afe usually straight, 
sl^arp, and fine. They are often intermittent and t 
sometimes hjive very little buildup. 

Magnetizing ; Equipment 

STANDARD GENERAL-PURPOSE UNIT.- - 
A standard general-purpose- magnetizing unit is 
used extensively at naval, air activities. This unit 
provides direct current for wej continuous or 
residual magnetization p»rocedures. Either circu- 
lar or longitudinal magijetization may be, used. 
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Figure 8-6.— Fatigue crack in a gear. 



and It may be powered with jectified alternating 
current as well as. direct current. , 

GENERAl^PURPOSE PORTABLE UNIT.-It 
is often necessary to . perform the magnetic 
particle inspection at locations where the stand- 
ard general-purpose unit is not available. The 
- geperal purpose pprtable equipment which sup- 
plies both alternating-current and direct-current 
magnetization is suitable/or this purpose. ^ 

This unit is only a source'of fnagnetizingand 
demagnetizing current and does not provide a 
means of supporting the work or applying the^ 
suspension. It operates on .^00-volt, 60-hertz 
alternating current and contains a rectifier for 
producing direct current when required. 

The magnetizing current is. supplied through^ 
the two flexible cables as shown in figure 8-7. 
the cable terminals may be fitted with probe^, 
or. with contact clamps. Circular magnetization 
may be deK^eloped by using either the probes or 
clamps. Longitudinal magnetization is developed 
by wrapping the cable around the part. 



v The strength of the magn^ing current is 
controlled by an 8-point tap switch, and the 
length of time for which it i& applied is regulated 
by an automatic cutoff. 

This portable unit also serves as a demagnetiz- 
er and supplies high-amperage, low-voltage, al- 
ternating current for. this purpose. Por demag- 
netization/ the alternating 'current is' passed 
through the part and gradually reduced by 
means of a current reducer. 

Magnetizing Materials 

LIQUID VEHICLiE FOR WET SUSPEN- 
SION. -The liquid vehicle used in the wet 
procedure provides the mobility for the sus- 
pended magnetic particles. Although most any 
liquid of a viscosity approximating that of 
kerosene may be used when making the mag- 
netic particle inspection test, the MIL specifica- 
tion covering magnetic particle inspection re- 
quires that the liquid be a dry cleaning solvent, a 
light oil stich as kerosene, or an acceptable 
equivalent. 

INDICATING J^EDIUMS. -The various types' 
of- indicating mediums available for magnetic 
particle inspection may be 4ivided into two 
general types-wet process materials and dry 
process materials. The basic requirement for any 
indicating medium is that it produce acceptable 
indications of discontinuities in parts. 

The contrast' provided by a particular indi- 
cating medium on the background or part 
surface is particufarly ' important. The colors 
most extensively used are black and red for the 
wet procedure; and black, red, and gray for the 
dry procedure. * . ' 

For acceptable operation, the indicating 
medium must be of high permeability and low 
retentivity. High permeability insures that a 
minimum jof magnetic energy will be required to 
attract the mateHal to flux leakage caused by 
discontinuities. Low retentivity insures that the ' 
mobility of the magnetic particles will not be 
hindered, that is, the particles themselves, will 
not become magnetized and attract one another. 

It is important that new magnetic substance 
always be used in preparing suspensions When 
the suspension becoipes discolored or otherwise 
contaminated to the extent that the formation 
of magnetic particle patterns is interfered with. 
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PORTABLE MAGNAFLUX UNIT 



Figure 8-7.-App!ying probes to a cylinder. 
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the unit should be drained, cleaned, and refilled 
with clean suspension*. 

/■ * 

Demagnetization 

NECESSITY FOR DEMAGNETIZATION.- 
Parts of operating mechanisms must be demag- 
netized to prevent magnetized parts from 
attracting filings, grindings, or chips inadvert- . 
ently left in the system, or steeJ particles 
resulting from operational wear. An accumula- 
tion of such particles on a magnetized part may 
jj^use scoring of bearings or other working parts 

STANDARD DEMAGNETIZING PRAC- 
TICE. -The simplest procedure for developing a 
reversing and gradually decreasing 'magnetizing 
force in a part involves the use of a solenoid 
energized by alternating current. As the part is 
moved aw^^ from- the alternating field of the 
solenoi^he magnetism in the part gradually 
decrea^. 

Parts that do not readily lose their magnetism 
should be passed slowly in and out of the 
'demagnetizer several times, and at the same time 



tumbled or rotated in various directions. Allow- 
ing a part to remain in the energized' de mag- 
n^tizer accomplishes very little practical 
demagnetization, 

- The effective operation in the demagnetizing 
procedure is that of slowly moving the part out ' 
of the coil and a\vay from the magnetizing field. 
As the part is withdrawn, it should be kept 
directly opposite the opening until it is I or 2 
fe^t from the demagnetizes. 

The demagnetizing current should never be 
cut off until the part is 1. or 2 feet from the 
opening;^i>therwise the part will most likely be 
remagnetized. 

PORTABLE -CLECTROMAGNET TYPE- 
DEMAGNETIZER.^A portable dectron)agnet 
. type, demagnetizer is shovwi in figure 8-8. It 
consists of a flat slab electromagnet, wound in 
the long direction. The faces of the exposed pole 
ends are rounded to permit access into localized 
areas, such as holes or comers. 

The demagnetizer produces an external alter- 
nating field when excited by alternating cur- 
rent When it is slowly moved away from the 
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^ ^F^re 8-8.— Hand type dem^netizer. 
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part, it "ciemagnetizes the adjacent area in the 
usual^manner. 

This tdol- is cxjnvenient for use on localized 
areas difficult to demagnetize by the standard 
procedure. It requires a power source of about 3 
amperes arid 100 volts at 60 hertz, and may thus 
be plug^d into most lighting circuits. 

Inspecting Arresting 

En^e Cylinder* • . 

, Durmg ^e overhaul of an arresting engine, 
the cylmder drain plugholes and vent holes are. 
subjected Ao a magnetic particje inspection to 
detejmine if there ^are any cracks, hard spots, or 
**other defects. An^ defiects foj^nd are sufficient 
crf toc to f o j o^4hg. cylinder. 

This inspection procedure required the use of 
,a portable Magnaflux unit having two cables, 
,each -equipped with a lead sheathed probe 
, approxiniately 4 inches long and 1 inch in 
diameterl (See. fig. 8-7.) At least two persons are 



needed to handle the equipment; one to hold " 
the* probes while the other brushes on Magnaflux 
fluid. " , ' 

The cylinders are tested as follows: 

1. Remove the cylinder plugs from plug 
htoles; using a wrench. 

WARNING: MEYER use ah acetylene, torch 
or otl^er* means of applying local heat on the 
cylinders to facilitate the insertion or removal of- 
any plug. 

2. Abrade and clean the surfaces about the 
hole areas to insure clean, positive probe con- 
tact. 

3. Grasp a probe flrmly in each hand and 
apply probes simuitaileously to- the cylinder 
periphOTy. The probes should be 6 to 8 inches 
from the edge of theiiole and 180 degrees apart 
before the current is turned ON, as shown in 
figure 8-9. 

WARNING: Do not apply probes to cylin- 
ders after the current is turned ON because this 
will cause arcing of the' probes and produce hard 
spots in the cylinder. 

4. Apply 800 amperes minimum magnetizing 
current , 

5. While current is turned ON, brush on 
Magnaflux fluid around the cylinder hole areas 
being tested as shown in ggure 8-9.^* 

NOTE: Fluid must >b^ flowing when current 
is ON. 

6. Visually inspect the cylinder hole areas for 
sub-surface cracks, as sh'own in figure 8-10 

7. Repeat steps (1) through (6)Jor each 
45-degree application of the probes about each 
cylinder hole being tested. (See flg. 8-1 1.) 

Indications' as shown in flgure 8-10 would be 
cause for immediate cylinder replacement. 

^ . HARDNESS TESTING . 

f 

Hardness testing is k method of determining 
the remits of heat treatment as well as the state 
of a metal prior to heat treatment. Since 
hardness values can be tied in with tensile 
strength values and, in part, with wear resist- 
ance, hardness tests are an invaluable check.on 
heat-treat control and of material properties 

Practically all hardness testing equipments 
utilize the resistance to penetration as a measure 
of hardness. Included among the better known . 
hardness testers are the Brinell and Rockwell, 
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PDRTASLE MA6NAFLUX UNIT 



Figure 8-9,*-Applying Magnaf lux to cylinder. 
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PORTABLE MA6NAFLUX UNIT 



Figure 8-10.-lndlcationi of subsurface cracks. 
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Figure 8^11.— locating probes about cylinder hole^ 



both of which described and illustrated in 
this section. Abo included , are two popular 
portable type hardness .testers being used by 
many operating activities^- * 

BRINELL TESTER , 

The Brinell tester (fig. 8-12) uses a hardened 
spherical ball, la mUlimeters. (0.3937 inch) in 
diameter, which is forced into the surface of the 
metal. A pressure of 3,000 kilograms maintained 
for at least iO seconds is used for ferrous metals, * 
and 500 kilograms maintained for at least 30 
seconds for non ferrous metals. ,The load is 
applied by mSans- of hydraulic pressure built up 
by t hand pump or ari electric motor, depending * 
on the model of tester. Includted \v;^th the tester 
is a pressure gage to indicate tire amount of 
pressure, ^ release mechanism* for relieving the , 
pressure after the test has been made, and a 
calibrated niicroscope for measuring the dia* 
meter of the impression in, millimeters. The 
machine has vanous-shaped anvils for supporting . 
the specimen and an elevating screw for bringing 
the specimen la contact with the ball penetrator. 
Also incljiaded are attachments for special tests. 
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Figure &-12.-Brine}f hardness tester. 



*^In onier to determinf the Brinell hardness 
'number for a metal, first measure the diameter 
of the impression/ Figure ^-13 illustrates^ an 
impression as seen Jhryugh thr-^icrbscope 
After measuring the diariTeter of the impression, 
convert ihe ^measurement into the Brinell hard- 
ness number utilizing the conversion table furn- 
ished with the tester. Apportion of the conver- 
sion table is shown in tabfe 8-2. 
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Table 8-2.-Portlon of conversiojt»tabIe furnished with 
Brlnell tester * 



jjiaineier 

of-ball 
impression 
. (mm) 


m • ' 

Hardness ^ 

number 
for load of 




500 


3000 


on 


158'. 


945 




150 " 


' 899 




■ 143 


856 ■ 


2.15 


— V 

136 


817 


r , 2.20 ' 


130 


780 


2.25 


124 


. *745. ■ 


2.30 


119 


• 712 


2.35 


114 


682 




. 109 


653 


2.45 


100 


627 
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Figure 8^13.— {mprenion as seen through the 
Brinell microscope. 



ROCKWELLTESTER 

The Rockwell hardness tester (fig* 8-14) 
measures the resistance to penetration as does 
the Biinell tester; however, instead of measuring 



the diameter of the impression, the Rockwell 
tester measures' the depth, and th^ hardness is 
indicated directly on a dial atfacHed to the 
machine. The shallower, the penetration, the 
' higher the hardness number. 

Two types of penetrators are used with the 
Rockwell tester? one bein§ a diamond cone, the' 
other a hardened steel ball. The load ,>vhich 
forces the penetrator into the metal is called the 
major l6ad and is measured nn kilograms. The 
results of each penetrator and load combination 
are reported on separate scales, designated by 
letters. The penetrator, the major load*, ancf the 
scale vary with the kind of metal being tested. 
. For hardened steels, the diamond penetrator 
is used, the major load is 150 kilograms, and the' 
hardness is read on the C scale. When this 
reading is recorded, the letter C must precede 
the number- indicated by thq pointer. The 
C-scale setup is used for testing^metals' ranging in 
hardness of 0-20" to the hardest steel (usually 
about C-70). If the metal is softer than G20, the 
B-s.cale. setup is used. With this setup, the 
1/16-inch ball is used ks a penetrator, the major 
load is ^100 kilograms, and the hardness is read 
on the B scale., ' ^ 

In addition' to the C aifa B scales, there are * 
other setups for special testing. The scales, 
penetralprs, major 4oads, and dial numbers to be 
read are listed in table 8^3. The dial numbers in 
the outer circle are black, and the inner numbers 
are red. 

The Rockwell tester is equipped with a weight 
pan, and two weights are supplied with the^ 
machine. One weight is marked in red; the other 
is marked in black. With no weight in the weight 
pan, the machine applies a major load of 60 
kilograms. If the scale setup calls for a 100- 
kilogram load, place the red weight ir^ the pan. 
For a 150-kilogram load, add thejblack weight to 
the red weight. The black weight is 'klw^ys used 
in conjunction with the.ied weight, it is^never 
used alone. 

Practically all testing is done with either the 
B-scale setup or the C-scale setup. For these 
scales, the colors may be used as a guide in 
selecting the weight (or weights) and irx reading ' 
the dial. For the B«seale test, use the red weight 
and read the red numbers. For a C-scale test, add 
the black weight to the red weight and read the 
black numbers. * 
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Figure 8-14.— Rockwell hardness tester. 



In setting up the Rockwell machine, use the 
diamond penetrator for testing materials which. 
* are known to be hard. If in . doubt, try the 
diamond, since the steel ball may t>e deformed if 
used for" testing hard materials. If the metai tests 
below C-22, then change to the steel ball. 

Use the steel ball for all soft materials -those 
testing less' than B-100. Should an overlap occur 
at the top of the B scale and the bottom of the 
C scale, use the C-scale setup. * 

Before the major load is applied', the test 
spedmen must be securely locked in place to 
prevent slipping and to properly seat the anvil 
and penetrator. To^do'this, apply a load of 10 * 
kilograms before tripping the lever. This prelimi- 
nary load is called the minor load. The minor 
load is 10 kilograms regardless of the scale setup. 
When the machine is set up properly, it' auto- 
matically applies the 1 Okilogram load ' 

The^metal to be tested in the Rockwell' tester 
must be ground smooth on two opposite sides 
and be free of scratches ai;id foreign matter. The 
surface should be perpendicular to the axis of 
penetration, and the two opposite. ground sur- 
faces should be parallel. If the spejcimen is. 
t^perea, the amount of error will depend on the 
taper. A curved surfacQ. will also cause a slight 
error in the hardness test The amount of error 
depends on th^ curvature -the smaller the radius 
of curvature,, the greater the error. To eliminate 
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such error,* grind -a small flat on the curved 
surface if possible. 

RIEHLE TESTER 

The Riehle tester is a portable unit, designed 
for making tests comparable to those of the 
Rockwell bench type machine. The instrument 
is quite universal in its application, being readily 
adjustable to a wide range of sizes and shapes 
which would be difficult, or impossible, to test 
on a bench type tester. 

Figure 8-15 shows the general arrangement 
and identifies the various components of the 
tester. It may be noted that the adjusting screws 
(4) and the penetration indicator (12) are set 
back some liistance, from the penetrator en(\of^ 
the clamps. This makes it practicable jto use the 
tester on either the outside or inside surface of 
tubing as well as on many other applications 
where the clearance above the penetrator, or 
below the anvil is limited. The indicator brackets 
are arranged, so that it is possible to turn the 
indicators to any angle for greater convenience 
in a specific application, or to facilitate its use 
by a left-handed operator. Adjustment of the 
lower clamp is made by the small knurled knob 
below the clamp. Tlie larger diameter knob, 
extending through the slot in the side of the 
clamp, is used for actual clamping. 

Each Riehle tester is supplied with a diamond 
penetrator and a-l/16-inch ball penetrator. The 
ball penetrator. should not be used on materials ^ 
hauder than B-100, ndr on a load heavier than 
100 kilograms. This is to avoid the danger of 
flattening the ball. 

The diamond penetrator,^ when 4jsed with a 
.150-kilogram load, may be used on materials 
> from, the hardest down to those giving a reading 
ofC-20. 

When the hardness of a material is completely 
unknown to the Dperat<^r, it is advisable to take 
a prelimmary reading on the A scale as a guide in 
selecting the proper scale to be used. 

Testing Procedure 

The*basic procedure in making a test with the 
Riehle tester is as follows: 
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Table 8-a-Standard ftockwell hardness scales 



- 

Scale 
svmbol 

* f 


- - Penetratol: 


^ Major 
loaa ^K^^ 

r 


Dial 
^ number 


A 




fin 


. Black 


B 

r ' 


1/ iO"incn oaii 


100 


Red 




Diamond 


• 150 


Black 




Diamond 


100 . 


Black 


E 


1/8-inch^air 


100 


Red* 


• F 


1/16-inch'ball 


* 60 


' Red 


G . 


• 1/16-inch bail 


150' 


,Rec^ 


H ~ 


1/8-iiich ball 


60 


R^d 


K 


1/8-inch ball 


150, 


Red 



/y I Apply a rpinor load of 1^ kilograms. 
/ 2. , Set the penetration indicator to zero. 
^ / 3. 'Apply a major load o^ 60, IflO, or 150 
'^kilograms (depending on the scale), and then 
^ tedfice the load back to the initial 10-kilogram 
load. 

^ ' 4 Read the harness directly pn the penetra- 
'tiOn indicator The hardness feadjing is based on 
the measurement of the additional increment of 
p&netration produced by applyii^ ^ major foad 
after an initial penetration has beeii |>roduced by 
the minor load. In reporting a hardness number, 
'^the number must be prefixed^ by the letter 
'indicating the scale on which the reading was 
' obtained. / ^ 

Removal and Replacement of 
Penetrator ■ 




The penetrator is retaiifed in the tester by 
'me^ns of a small knurled clanip screw extending 
^Onv 'th'e end of the * wei^ bar. 'To remove a 
'T)enetrat6r, .there should be. at least. 2 or 3 inches 

of space between the upper and lower clamp? so 
. .that one hand can be placed |inaemeath the 

upper clamp -ta catch the penetrator when it is 
>Trfeased. two or'three turns of the clamp screw 

wll release the penetrator. The two contact pins 



which extend through tlie penetrator on either 
side 6f ithe point ar^ retained in the tester when 
the peJnetrator is removed. 
, To replace a penetrator, it must be turned so 
that the flat sidejaces the clamp screw, and the 
locating pin on the penetrator is in line with the^ 
: slot provided to take the pia. the contact pins 
should be guided into their 'respective holes 
•through the penetrator. With .the penetrator in 
place, it should then, be clamped securely by 
turning the damp screw. Before making aii 
actual test, one or two preliminary tests should 
be made to properly seat the penetrator. 

BARCOL TESTER 

The Barcol tester (fig. 8-16) is ^ portable unit 
designed for testing aluminjum alloys, copper, 
^ brass, and ,other relatively soft materials. Ap- 
proximate range of the tester ^is 25 to 100 
Brinell. The unit caj^be used in any position and 
in any space that will all6w for the operator's 
rhandi The hardness is indicated on a dial 
conveniently divided into 1 00 graduations. 

The lower plunger guide and point are ac- 
curately ground so that attention need be given 
only to the proper position of the lower plunger 
guide within the frame in order'' to obtain 
accurate operation when a point is replaced. 

The frame, into which the lower plunger 
guide' and spring .tensioned plunger are screwed, 
holds tife point in the proper position. Adjust- 
ment of the plunger upper guide nut, whjch 
regulates the spring tension, i§ made when the 
instrument is calibrated at the factoiy; ttie 
position of ^this nut should not be changed. 

Thfe leg i^ set for testing surfaces which permit 
the low^r plunger guide and the leg plate to be 
on the same plane. For testing rivets or other 
raised objects, a. block may be placed under the y 
leg plate to raise it to the ' same planer For i 
permanent testing of this type, the leg'may be 
removed and washers inserted. The poin't shotuld 
always be perpendicular to the surface being 
tested. . 



Testing Procedure 

" ■ 1 

. The design of the Barcol tester is such that 
operating experience is not necessary. Only a 



212 



Chapter S^SPECIAL^tjESTS AND TEST PROCEDURES 




1. 
Z 

-a 

4 
& 



Upper clanip. 
Lower damp. 
Anvil. 

Adjusting screws. 
Adjusting knob. 
Penetrator. 



^ 7. Penetrator clamp screw. 

8. ' Weigh bar. 

9. Loading screw. 

10. Grl|). / 

11. Load indicator. 

1Z^ Penetrator indicatqr. 



Figure d-15.-Riehle ^rtable hardness tester. 
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AB.444 

Figur€ri8-16.-Barcol portable hardness tester. 



light pressure against the instrument is needed to 
drive the spring-loaded indenter 'into the 
material to be tested. Thq. hardness reading is 
instantly indicated on the dial. 



To present damage to the poin^t, avoid slidufg 
or scraping when it 'is, in contact with the 
mate^al being' tested. ; If th^ p.oint should be- 
come damaged, jt'must be replaced with a new 
onQ. No^atfempt should be madfe^to grind the 
point. ' ' 

'Each tester is supplied with a' test disc for 
checking t)ie condition pf the point. To check 
the point, press the instrument down on the test 
disc. When , the downward pressure brings 'the 
end of tlie lower plunger guide : against^ the 
surface of the disk, the indicator reading should 
be within^the range-shown on the tpst (jisk * 

Tp replace the point, remove the two screws 
whieh^ hold the halves of the case together. Lift 
out the frame,, remove the'spring sleeve, loosen 
the" loQknut, and unscrew the. lower plunger 
giiide^, holcjjng the ' point upward so that the 
spring and plunger, will; not fall out of place: 
Insert a new point and replace 'the lower pluiiger 
guide, screwing it back into th^/rarae. Adjust 
the lower plunger guide with /he wrench that is 
fumishe'd until the indicator reading and the test 
disk average number are ideptical. After t^ 
lower plunger guide is properly set, tighten the 
locknut to keep the lower 'plunger .guide in 
place. This adjustment should be made cihly.. 
after isstalling a ne^ ppkit, any readjustment on 
a worn or' damaged point will give erroneous 
readings. * . \ ' . 
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